Replacement of Protein with Amino Acids in Diets for Laying Hens and Turkey Poults by Novacek, Edwin J.
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1970 
Replacement of Protein with Amino Acids in Diets for Laying Hens 
and Turkey Poults 
Edwin J. Novacek 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Novacek, Edwin J., "Replacement of Protein with Amino Acids in Diets for Laying Hens and Turkey Poults" 
(1970). Electronic Theses and Dissertations. 5159. 
https://openprairie.sdstate.edu/etd/5159 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
REPLACEMENT OF PROTEIN WITH AMINO ACIDS IN DIETS 
FOR LAYING HENS AND TURKEY POULTS 
BY 
EDWIN J. NOVACEK 
A thesis submitted 
in partial fulfillment of the requirements for the 
degree Doctor of Philosophy, Major in 
Animal Science, South Dakota 
State University 
1970 
SOUTH DAKOTA STATE UNIVERSIT LIBRA�'Y 
, 
REPLACEMENT OF PROTEIN WITil AMINO ACIDS IN DIETS 
FOR LAYING HENS AND TURKEY POULTS 
Abstract 
EDWIN J. NOVACEK 
Under the supervision •of Profess-or C. W. Carlson 
Low protein diets w.ere formulated for experiments with layi?g 
hens and turkey poults. The diets were supplemented with equal 
amot.mts of protein from different feedstuffs while maintaining 
equal calculated levels of selected amino acids. Single trials 
were also reported for factorially applied amino acid supplements 
to turkey starter and cage-layer diets. 
The three-year studies indicated that a typical corn-soy 
layer diet diluted with glucose monohydrate to 9.4 percent protein 
was deficient in methionine, lysine and trytophan. Attempts to 
further improve the rate of egg production by additional supple­
ments of arginine, isoleucine, valine, or diammonium citrate w ere 
not successful. 
The low protein diet for layers was then supplemented with 3 
or 6 percentage equivalents of protein from common feedstuffs _in 
an effort to improve egg prorl:ucti_on from ·approximat•ely 55 percent, 
on a hen-day basis, to 65 percent or better for 10 months of 
production. It was apparent that the 9 .4 percent protein layer 
diet was deficient in. a substance which could be supplied by 
several feedstuffs. Supplements of three percentage equivalents 
of protein from yellow corn, spring wheat, barley, soybean meal, 
soybean protein and fish meal elicited a response in ?reduction. 
Supplements of 6 percentage equivalents of protein from soybean meal, 
soybean protein or a mixture consisting of a 40:60 ratio of protein 
from corn and soybean meal did not further improve production. Supple­
ments of 3 percentage equivalents of protein from hydrolyzed feather 
meal, oats, meat and bone scraps, or milo or of nf-180 did not 
stimulate marked improvement over that obtained from the 9.4 percent 
protein amino acid supplemented basal diet. 
Studies were also made with turkey poults fed low protein 
starter diets supplemented with amino acids to 40, 60, or 80 percent 
of the feeding standard proposed by Dunkelgod et al. (1961). Growth 
rates of poults fed to four weeks of age ort 20 percent protein diets 
were slower for poults fed diets containing 13 percent protein 
equivalents from hydrolyzed blood meal, corn gluten or meat and 
bone scraps than·were growth rates of poults fed diets with soybean 
meal, safflower meal or fish meal as the supplement. Growth rates 
were improved for all diets except fish meal by supplementing the 
diet with amino acids to 60 percent of the standard. Further 
supplements to 80 percent of the standard did not affect growth 
rates. 
Studies were also made -with turkey poults which involved factorial 
application of treatments. The 20 percent protein diet was supple­
mented with amino acids to 100 percent of the amount calculated 
for the 28 percent protein corn-soy control diet. The results of the · 
factorial expressed as effect means of body weight indicated that 
the effects were consistent for five consecutive weeks. The e f­
fects indicate that methionine, lysine, and tryptophan were defi­
cient in the 20 percent protein corn-soy starter diet. Further 
indications of a deficiency of valine and a detrimental effect of 
excess isoleucine were observed. A similar type of study was 
made with a 9 .4 percent protein diet for caged _layers. Supple­
ments of methionine, lysine, valine and inositol were used. The 
results indicated that variation between groups was not consis­
tently correlated with time or with the four factors in the 
test. The effect means of hen-day egg production may not have 
been an adequate measure of response to dietary supplements in this 
limited study. 
Free amino acid levels in serum from turkey poults and electro­
phoretic patterns· of egg protein and plasma protein on polyacrylamide 
gel were found to be poor indicators of the nut.ri tional adequacy of 
the diets used in this- study. Free amino acid levels were not con­
sistent among birds treated alike. Serum protein electrophoretic 
patterns were essentially the same for all hens and pou�ts regardless 
of the diet being fed. 
ACKNOWLEDGMENTS 
The author wishes to express his gratitude to the following: 
C. W. Carlson, Professor, Department of Animal Science, for 
assistance, guidance, training and counsel and for the f acilities 
which made the work possible. 
O. E. Olson, Professor and Head, Department of Station Bio­
chemistry, for assistance in chemical analytical procedures, counsel, 
enco,uragement and f or the assistantship which provided sustenance. 
George Gastler for various chemical analyses. 
Merck & Co., Rahway, New Jersey, for the L-Lysine HCl., and 
several vitamins used, and for a grant-in-aid that partially sup­
ported this work. 
Dow Chemical Co., Midland, Michigan, for the DL-Methionine 
provided •. 
EJN 
TABLE OF CONTENTS 
INTRODUCTION 
OBJECTIVE 
UTERATURE REVIEW 
. . . . . . . . . . . . . . 
. . . . � . . . . . . . . . . . 
. . . . . . . 
Free Amino Acids in Plasma 
. . . . . . . . . . 
. . . . . . . . . . 
Factors Affecting Levels of Plasma Free Amino Acid 
Protein and Amino Acids for Hens . . . . . . . . . . . 
Influence of Genotype . . . . . . 
Factors Contributing to the Strain Effect • 
Effect of Chemical Form of Nitrogen . 
Absorption and Retention • • • • • • •  
Amino Acid Requirement Standards • • • • • 
Nitrqgen Lqsses in Urine and Feces 
. . . . 
. . . . 
. . . 
Source of Nitrogen . . . . . 
GENERAL EXPERIMENTAL PROCEDURE 
Experiments with Laying Hens 
Experiments with Turkey Poults 
RESULTS OF HEN STUDIES . . . . . . 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
. . . . . . . . . . . . 
. . . . . . . 
. . . . . . 
. . .. . . . . . . . . . 
Page 
1 
3 
5 
8 
11 
17 
19 
22 
23 
24 
28 
31 
33 
36 
36 
38 
45 
45 
48 
55 
63 
71 
RESULTS OF STUDIES WITH TURKEY POULTS 
Experiment T-1 
Experiment T-2 
Experiment T-3 
. . . 
DISCUSSION OF EXPERIMENTS WITH HENS 
Experiment 1 and Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
. . . . . 
. . 
. . . 
DISCUSSION OF EXPERIMENTS WITH TURKEY POULTS 
Experiment T-1 
Experiment T-2 and Experiment T-3 • •  
SUMMARY AND CONCLUSIONS 
LITERATURE CITED . 
APPENDIX . 
Appendix A . . . 
Procedure - Experiment 2 .  
Appendix B 
Procedure - Experiment· 3 .  
Appendix C . . . . . . . . . . . . . 
Procedure - Experiment 4 and 5 
Appendix D 
Procedure - Experiment T-3 . 
ANALYSIS OF VARIANCE FACTORIAL DESIGN FOR TURKEY POULTS 
Page 
74 
74 
75 
79 
85 
85 
87 
89 
94 
95 
95 
96 
98 
101 
110 
111 
111 
112 
112 
115 
115 
118 
118 
121 
LIST OF TABLES 
Table 
1. COMPOSITION OF THE CAGE-LAYER TEST DIETS USED 
DURING EXPERIMENT 3 . . . • • . . • . . • • . • 
2. AMINO ACID REQUIREMENTS OF LAYING HENS AND THE 
Page 
40 
CALCULATED CONTENT OF THE LOW PROTEIN BASAL DIET . 41 
3. COMPOSITION OF THE TEST DIETS FOR STARTING TURKEY 
POULTS • • . . . . • • . . . . . • • • . • . . . . 42 
4. COMPOSITIONS OF THE LOW PROTEIN TURKEY STARTER DIET 
AND A TYPICAL STARTER DIET . . . • • . . . . . . • • • 43 
5. AMINO ACID STANDARDS FOR TURKEY STARTER DIETS. 
6. SUMMARY OF PRODUCTION DATA OF HENS FED LOW-PROTEIN 
44 
DIETS WITH AMINO ACID SUPPLEMENTS, EXPER. 1 4 7 
7. SUM ARY OF PRODUCTION, BODY WEIGHT, MORTALITY, AND 
NUTRIENT INTAKE FOR EACH STRAIN AND DIET-EXPERIMENT 2 52 
8. THE EFFECT OF STRAIN, SOUR.CE OF PROTEIN AND LEVEL 
OF PROTEIN ON EGG WEIGHT.FOR THREE PERIODS OF 
EXPERI�ENT 2 • • . • • • • • • • ,. • • . . • • 53 
9. A COMPARISON OF UTILIZATION EFFICIENCY FOR STRAINS AND 
DIETS US ED IN EXPERINENT 2 . • . . • • • • • • 54 
10. AVERAGE HEN-DAY EGG PRODUCTION DURING FOUR PERIODS OF 
EXPERIMENT 3 
11. AVERAGE WEIGHT OF EGGS PRODUCED DURING FOUR PERIODS 
58 
OF EXPERIMENT 3 . • • . . • • . . • • . . • • • . 59 
12. AVERAGE HEN-DAY FEED. CONSUMPTION DURING FOUR PERIODS 
OF EXPERIMENT 3 . . . • . • . . . • . . • • • . . 60 
13. SUMMARY OF PRODUCTION, NUTTUENT INTAKE AND OTHER DATA, 
EXPERIMENT 3 . . . . . . . . • • . . • . . . . • • . . 61 
14. AVERAGE DAILY INTAKE OF AMINO ACID DURING TEN MONTHS 
OF EXPERIMENT 3 • • . . . . . • • . .• . . . 62 
15. AVERAGE HEN-DAY PRODUCTION DURING THREE PERIODS OF 
EXPERIMENT 4 . • . - . . . . . . . . • . . . . . . . 65 
Table 
16. AVERAGE WEIGHT OF EGGS PRODUCED DURING THREE 
PERIODS OF EXPERIMENT 4 • • • • • • • 
17. AVERAGE DAILY FEED INTAKE DURING THREE PERIODS OF 
EXPERIMENT 4 • • • • • • • • • • • • • • • 
18. SUMMARY OF PRODUCTION, NUTRIENT INTAKE, AND OTHER 
Page 
66 
67 
DATA COLLECTED DURING EXPERIMENT 4 • • • • 68 
19 . AVERAGE DAILY INTAKE OF AMINO ACIDS DURING THE SECOND 
PERIOD OF EXPERIMENT 4 • • • • ._ • • • • • 69 
20. AVERAGE DAILY INTAKE_ OF PROTEIN Ai�D AMINO ACIDS 
DURING EXPERIMENT 4 • • . . . . • . . . . . . . . 70 
21. HEN-DAY EGG PRODUCTION BY HENS FED FACTORIALLY AR­
RANGED TREATMENTS DURING THE LAST THREE MONTHS OF 
EXPERIMENT 5 • • • • • • • • • • • • • 
22. AVERAGE WEIGHT OF EACH REPLICATE GROUP OF SIX TURKEY 
POULTS FED DIETS WITH DIFFERENT SOURCES OF PROTEIN AND 
73 
AMOUNTS OF AMINO ACIDS UNTIL FOUR WEEKS OF AGE . • 76 
23. AVERAGE FREE AMINO ACID LEVELS IN SERUM FROM THREE 
REPLICATE GROUPS OF FIVE TuRKEY POULTS FED DIETS WITH 
DIFFERENT SOURCES OF PROTEIN AND AMOUNTS OF AMINO 
ACIDS UNTIL FOUR WEEKS OF AGE • • • • • • • • • • • • 77 
24. MICROMOLES OF FREE AMINO ACID PER 100 MILLILITERS OF 
SERUM FROM INDIVIDUAL TURKEY POULTS FED SOYBEAN MEAL 
AFTER FASTING FOR 34 HOURS COMPARED TO FASTING FOR 36 
HOURS • • • • • • • • • • • • • • • • • • • • • • • • 78 
25. AVERAGE WEIGHT OF TURKEY POULTS FED-A LOW-PROTEIN DIET 
SUPPLEMENTED WITH AMINO ACIDS IN A FACTORIAL MANNER IN 
TWO SERIES OF SIMILAR TWO DESIGNS . . • • • • • 82 
26 . FACTORIAL EFFECT MEANS OF BODY WEIGHT OF TURKEY POULTS 
FED LOW PROTEIN AMINO ACID SUPPLEMENTED DIETS 83 
27. FACTORIAL EFFECT MEAN FOR BODY WEIGHT AND FEATHER 
DEVELOPMENT OF TURKEY POULTS FED LOW PROTEIN DIETS 
SUPPLEMENTE� WITH AMINO ACIDS • • • • • • • • • • 84 
1 
INTRODUCTION 
In the past decade, competition between animals for food has 
greatly increased. This is due to an increase in population of 
both man and animals (Bishop, 1964) and to methods of feeding which 
use potential human food for animal production (Weiss and Leverton, 
· 1964). The continuation of the trend will result in a greater 
competition for feed and food because more animals will be fed to 
provide sustenance for an increased population an� more people 
will eat mo-re food. As competition increases, substitutes for the 
dietary components must be found either as natura1 ·· y occurring or 
synthesized materials. 
Several sources of feedstuffs which supply primarily energy 
are abundant. Fats are available in liberal amounts from the animal 
packing plant industry as well as a by-product from processing seed 
proteins and starch. Fat is also discarded from deep-fat-fryers, 
as trim and melted fat in commercial food preparation centers, in 
institutions as well as in the home. The cereals, mile, oats, and 
corn, are also extensively used in poultry rations as a source of 
energy. These and other low protein feedstuffs are available in 
liberal amounts. Production and quality may be improved by develop­
ing new varieties and by implementing improved farming techniques. 
Minerals and vitamins are also plentiful. Synthesis of vitamins 
by the pharmaceutical industry could be increased to supply almost 
unlimited amounts of all vita�ins . Minerals are available in 
quantity, as by-products or primary products of the mining and 
chemical industry. 
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The feedstuffs which are already limiting in most parts of the 
world are those rich in good quality protein (Weiss and Leverton, 
1964). According to Wakes (1968) the human requirement for protei1 
will increase from 68 million tons in 1960 to 112 million in 1975. 
Natural sources such as fish in the sea (Shapiro, 1964) can, con­
ceivably, be exhaust�d. It may become necessary to develop substitutes 
for protein to supply both the htnnan and animal population if the 
world population conti1ues its rapid increase. The larger human 
population will require more protein, and less will be available for 
animal feeds. Fewer animals fed will yield less good quality protei:r., 
already a limiting factor. 
Fortunately, animals, including poultry, have no reqtirement 
for protein per se. Feeds used for poultry production may be 
formulated from low protein feedstuffs and supplemented with com­
binations of amino acids to satisfy the animal's amino acid require­
ment. A protein shortage could be made less acute by replac�ng a 
portion of the natural protein with a protein substitute- from a 
synthetic source. A substitute for protein in diets for poultry 
could be the free amino acid. Before satisfactory utilization of 
the substitute can be achieved, minimum requirements for each amino 
acid must be more completely understood. 
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Although many studies have been made, knowledge about minimum 
levels of amino acids in poultry diets has been limited .  Several 
factors probably have influenced the delay, only one of which has 
been the high cost and limited pr�duction of amino acids. Also most 
experimental units were investigating what were considered to be 
more pressing problems, and funds were generally scarce for protein 
and amino acid studies (Keith, 1963). Another-important factor was 
the confusion resulting from limited knowledge about vitamins. The 
effect of vitamin B1z and its association with animal protein is 
an example of the confusion which has not been overcome although 
twenty years have passed since vitamin B12 was synthesized in a 
laboratory. The confusion has yielded experimental data which have 
further complicated the already.complex subject of protein nutrition. 
OBJECTIVE 
The objective of this work was to gather infornation on the 
inflt:<?nce of amino acid supplements to low protein diets for 
poultry. The turkey and the laying hen together consmne large 
quantities of good quality protein. '.l'h� level of protein required 
could be reduced by substitution of a synthetic source of the amino 
acids which are limited at the lower protein level. Before low 
protein diets can be used successfully under commercial conditions, 
more information must be obtained about requirements for amino acids. 
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To ascertain the amino acid requirement of laying hens and 
turkeys it is necessary to obtain diets adequate in all other 
nutrients except the amino acid _ being studied. It is and will also 
be necessary to select, even arbitrarily, criteria which reflect 
the response and which can be measured quantitatively. Information 
should be obtained concerning the amino acids which are deficient 
in a low protein diet and about methods of measuring the deficiency. 
Until these simple situations are more fully understood, the effect 
of amino acids and their interactions cannot be intelligently 
studied. 
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LITERATURE REVIEW 
Studies concerning the nutritive value of proteins have been 
made for over 100 years. According to Sahyun (1944), Albanese (1959) 
and Mitchell (1962), Voit (1866) was the first to publish information 
on the comparative values of different proteins for dogs as related 
to nitrogen balance. The subject apparently remained closed from 
1866 tmtil Thomas (1909) intrcduced the term Biological Value. This 
system fell into disuse until it was modified by Hitchell (1924) to 
consider end_ogenous urinary and metabolic fecal nitrogen losses. 
During the interim, Willcock and Hopkins (1912) and Osborne and 
Mendel (1916) found that a relationship existed between the amino 
acid patterns of the protein and performance of animals fed the 
protein. Several years were to pass for vitamins to be discovered. 
Shortly after the discovery of most of the fat soluble and water 
soluble vitamins, Mitchell and Block (1946) presented data on "protein 
score". The "protein score" was a comparison of the amino acid 
pattern of a protein with the pattern found in whole egg protein. The 
amino acid with the lowest value relative to that in egg protein 
determined the protein score which was expressed on a percent basis. 
Since this work, several different methods of expressing the nutritive 
value of proteins which use growth rate in the equation have been sug­
gested, but except for plasma amino acid studies, �hey will not be 
reviewed. 
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Attempts to quantitatively assess the nutritive value of 
proteins have been rather sporadic since the late 1800's and early 
1900 's. The early work evidently was stimulated by the published 
works of Thomas, who was concerned with nitrogen balance and intro­
duced the term Biological Value, Willcock and Hopkins, who provided 
information on the influence of tryptophan in deficient diets, 
Osborne. and Hendel, who published several papers on the nutritive 
value of proteins, and work with the cooperation of Ferry that intro- .. 
duced the term protein efficiency ratio. The Thomas equation for 
Biological Value was modified by Mitchell (1924) for use in compara­
tive studies with proteins. Many papers were published on the Biolog­
ical Value of feeds, but the major discrepancy was that the Biological 
Value of combinations of proteins was not predictable. Later Mitchell 
and Block (1946) suggested that the value of proteins be expressed 
on the basis of an amino acid chemical score. The amino acid content 
of several feedstuffs was determined chemically by hydrolysis. Because 
the hydrolysis procedure was more .severe than the processes of diges­
tion, the chemical score and nutritive value were not always in agree­
ment. During the succeeding 13 years,_ several reports were made con­
cerning free amino acid concentrations in plasma and their relation to 
pathological conditions. Concern was expressed about the reliability 
of the levels and ratios when the patient const.m1ed random food during 
the period before the analysis was made. It was suggested (Re, 1940) 
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that previous protein intake would affect the relative level of 
amino acids in plasma and that under certain conditions this effect 
could either mask a pathological state or simulate it. 
Interest in the nutritional aspec�s of plasma-free amino acids 
was stimulated when Man!:!_ al. (1946) showed a relationship between 
low plasma amino acid levels and a poor post-operative nutritional 
status. This report was supported by the data of Bonsnes and Brew 
(1947) that pregnant women have lower plasma levels than non-pregnant 
women. Actually, the effect of diet on levels of nonspecific amino 
acids was first reported in 1906 by Howell, but the results of his 
efforts were not unders toed by his co-workers, if indeed he under-
stood them himself, because it was not until 1908 that the amino 
acids were recognized as being physiologically active. Failure to 
recognize t�e importance of amino·acids was due at least in part to 
growth trials that tested the effect of a single amino acid, namely 
asparagine. Tests with a single amino acid were proven invalid 
after Cohnheim (1908) reported that an enzyme, erepsin, was found 
in the small intestine which was active in reducing the peptones to 
what was called the "amide acids". It was then recognized (Cohnheim, 
1908) that the physiological reconstruction of the protein was 
dependent upon the presence of several amino acids and not just 
asparagine. These data were evidently the added evidence to support the 
growing interest in the physiological activities of amino acids indi­
cated by Rowel (1906). 
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Today it is generally agreed that there are at least (•ight amino 
acids essential for growth of simple stomached animals. Flexible 
standards of requirements for these amino acids for most domestic 
animals are available (NRC, 1966) . Requirement standards are flexible 
because they are affected by specific conditions including species, 
degree and type of production, expression of requirement on a per 
day basis or percent of protein or diet and many other factors. 
Free Amino Acids in Plasma 
Because of lack of agreement and the difficulty involved in 
testing for a gross response from several amino acids, plasma studies 
were welcomed as a tool. The animal und r test was usually fed 
according to a specific schedule and blood samples were taken into 
heparinized tubes. They were centrifuged to precipitate cells, and 
a chemical was added to denature protein. fter the protein was pre-
cipitated, free amino acids remained in solution and an�lysis was 
made by paper and column chromatographic, or microbiological procedures. 
Application of free amino acid studies to nutrition research was 
to some extent a result of publicity given to the work of Lotspeick 
(1949) who reported that the administration of insulin resulted in a 
decrease of amino acid levels in the blood of mongrel dogs. This work 
was adapted and reoriented by Denton and Elvehjern (1954a) who fed dogs 
different levels of amino acids in synthetic diets. Their results 
indicate that the level of amino acids in plasma was changed for both 
dogs after feeding but that: the level of any specific amino acid was as 
dependent upon the specific animal as the diet being fe�. This work 
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was extended by the same authors, 1954b. They investigated the effect 
of casein, beef, zein and nitrogen-free diets on free amino acid pat­
terns in dogs. The study again showed a difference between dogs at 
zero hour and that the source of protein resulted in a different 
degree of response. It was stated that beef and casein were evidently 
digested more rapidly than zein, thus a more full utilization of beef 
should be obtained. The statement was probably made because it had 
been suggested _ that all amino acids must be at the site of protein 
synthesis at the same time or they are lost. Life expectancy in the 
amino acid pool was thought to be about one hour. 
Several research groups have reported an effect of protein 
on the free amino acid pattern in poultry plasma. Without exception 
the results of studies have been.obtained on groups of chicks and 
the variation between individual animals was not apparent. Richardson, 
et al. (195 3) evidently had been working on the effects of vitamin B12 
and Charkey et al. (1950) reported that vitamin B12 influenced the free 
amino acid patterns of plasma. The data of Charkey et al. (1950) were 
in agreement with Richardson et al. (1953a), and in addition, other 
vitamins affected amino acid levels. The only amino acid_ affected by 
all vitamins was methionine. It was increased by all factors except 
that it was reduced by vitamin B12· Richardson� al. (195 3b) further 
reported on the influence of amino acid supplements and protein on plas­
ma levels. Although both sources affected plasma levels, an association 
of plasma levels and· growt� was not always apparent. The portion of 
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this study which compared a synthetic diet to peanut meal and soybean 
meal showed that proteins as well as free amino acids did have an 
influence on plasma free amino acids. 
Longenecker and Hause (1959) used free amino acids in plasma in 
an attempt to classify proteins in a manner similar to the method of 
Mitchell and Block (1946). The difference here was that the protein 
under test would be subjected to the physiological conditions of 
digestion rather than acid hydrolysis. The results showed that even 
though different dogs had different levels of free amino acid, in 
plasma all responded in such a way that an estimate of the relative 
deficiency of an amino acid could be made. The pl sina amino acid 
score obtained indicated that wheat gluten was limiting in lysine, 
methionine, arginine and valine i� that order. 
McLaug�lin � al. (1967) have given a lisc of proteins on 
which they have determined the first limiting amino acid by the use 
of plasma studies. The standard error of all plasma values was seldom 
greater than +5 percent of the tabled value and often +0.0. Even 
though the lysine plasma value for rye was 24 mg. percent, compared 
to 16 for wheat, it was reported to be the first limiting amino acid 
for both grains. It was of considerable interest to note the agreement 
between the plasma score and rat growth. There were no exceptions to 
the agreement between their values for a first limiting amino acid and 
that obtained by rat growth studies. The rat growth studies had been 
previously reported by several other authors. 
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Factors Affecting Levels of  Plasma Free Amino Acid 
.These results show that although plasma values have serious in­
consistencies, they can yield useful information. One principal incon­
sistency is that shown between animals on the same feeding schedule. 
This is particularly unfortllllate for studies involving small animals. 
For studies with large animals the same individual can be used for a 
series of tests. With small animals such as the chick, poult or 
rat the amount of blood required for analysis may produce such a phys­
iological response that the animal is no longer useful for the study. 
Because of these individual variations when small animals are tested, 
the analyses must be made on pooled samples with fifteen or twenty 
animals for each replicate sample to overcome the effect of one or 
two animals with unusual plasma levels. 
Large animals were used in studies reported by Theurer � al. 
(1968) on work with free amino acids in the plasma of lambs. With 
lambs the effect of diet must be mediated by the rumen microorganisms 
as well as that of the more soluble portion of the diet which can 
pass through the rumen before being degraded by the organism. · Al­
though it is unlikely that diet would influence plasma levels in 
the ruminant, an exception may be observed for lysine and perhaps 
leucine. The concentrations of these amino acids in plasma were 
known to be different ·for ·dietary corn gluten compared to that of 
soybean meal. The increased levels of leucine and lower· levels for 
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lysine in the plasma of the lambs fed corn gluten meal would be 
expected. However, the high value for lysine in plasma of lambs fed 
a urea diet was not expected. 
Besides the dietary factors which ar� related to protein, 
several other factors have been shown to influence plasma amino acid 
levels. Alvarado (1968) showed that galactose inhibited the absorption 
of amino adds in the hamster. No specifj c inhibition was suggested. 
The results were given only for the amino acid mixture used. 
Shinwari and Lewis (1968) have reported that when arginine was 
added to a chick diet, L-amino acid oxidase activity was increased. 
The increast was even greater when excess lysine and arginine were 
both added, though lysine alone had no effect. If L-amino acid 
oxidase activity was increased �nder these conditions, then all amino 
acids would be expected to be more rapidly oxidized and thus change 
a specific pattern depending upon the relative concentration and 
affinity for the enzyme. 
The ratio of plasma amino acids has been used to identify nutri­
tional deficiencies, particularly those where� low protein-calorie 
intakes result in Kwasiorkhor and Marastnnus. Heard and co-workers 
(1969) as well as Saunders et al. (1967) suggest that pla�'na albtnnen 
or plasma protein levels are more reliable as an indicator of 
nutritional adequacy. They showed that the correlation of plasma 
protein and plasma amino acid was approximately 0. 20 . Thus, only 
about four percent of the variation in the amino acid pattern was 
due to, or a: ociated with, a change in plasma protein levels, and 
they probably are re flections of di fferent physiological factors . 
If the two are so poorly correlated they both cannot be effi cient 
measures of nutritional status . 
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De Bodo and Altszuler (1957) reportd that the anabolic e ffect 
of growth honnone was dependent upon the ability of th -� animal to 
secrete an adequate amount of insulin .  In their work, when growth 
hormone and insulin were administered, levels of free amino acid in  
plasma were reduced . 
Knopf and five co-workers (1965) have reported that specifi c  
L-amino acids inj e cted intravenously affe ted levials of growth 
hormone and blood sugar . L-leucine, L-lysine, L-phenylalanine and 
L-arginine promoted a reduction in blood glucose . L-lysine, L­
arginine, and L-methionine affected blood levels of growth hormone . 
It was of mo.re than passing intere-st to note that Faj ans et al. (1967) 
reported that both arginine and leucine increas ed the release of 
insulin in human subje cts .  
Noall � al . (19 57) suggested that several endocrine secretions 
influence the ability of the ce ll to receive amino acids from the 
surrounding medium. The influence of �tilbestrol was reported by 
Oltj en and Lehmans ( 1968) . The effect of stilbestrol (DES ) on plasma 
values for a corn diet was di fferent than its effe ct with wheat . Most 
amino acid values were decreased for animals fed DES in corn diets 
whereas they were increased in the animals fed DES in wheat di ets .  
The plasma amino acids in the ruminant are mediated by the rumen 
mi crobial population . If a dietary treatment affects the plasma 
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levels, the change can be due either to a change in the microbial 
population or the dietary protein must bypass fermentation and be 
acted upon by the digestive enzymes . The relationship of microbial 
tissue and growth was considered by Bergen and Purser (1968) in a 
study with rats. The only difference observed between bacterial 
and protozoal protein was that protozoa were deficient in histidine 
for the rat. No amino acid deficiencies were observed in the bacterial 
protein by the plasma free amino acid study. 
Zimmerman and Scott (1965) have presented data about the effect 
of specific supplements on the level of free amino acids in chicks. 
All amino acids tend to vary at random and it is difficult to inter­
pret the dat a. They have suggested that the point of reference will 
affect the interpretation of a study and that the reference point 
should be from a group of animals fed a diet with an amino acid bal­
ance as close to the requirement as possible. Earl·1 r, the data 
of McLaughlan � al. (1967) as well as Longnecker (1959) showed 
fasting amino acid levels as the point o f  reference. Oltjen and 
Lehman (1968) and Oltj en and Putman (1966) used each test value against 
another test va lue with no fixed point of reference. In view of an 
observation that the first limiting amino acid will remain at 
low levels in plasma until the requirement is met before it will 
increase , a fixed point of reference at that level seems desirable. 
The data of Mclaughlan � al. (1967) contradict this t� eory . Although 
they used fas ting leve ls as a point o f  reference, it is difficul t 
to present an argument agai�s t  a me thod shown to be 100 percent 
accurate  for predict ing the firs t limiting amino acid. 
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It  is als o apparent that the site selected f o r  collect ing blood 
is important . Col lections have been made from the j ugular v ein, 
by heart puncture � portal vein cannulation and by decapitation. 
The data  o f  Theure r e t  al. (196 6 )  showed that free amino acids a t  
the j ugular collection si te were different than a t  the portal sit� . 
Evide1 tly, they did not believe that the difference was importan t  
or  that the two varied together, or , in th e interes t o f  being con­
sis tent with other work reported , the j ugular site was us ed in later 
wo rk. The data of Bergen and Purser (1968) support the theory that 
plasma levels vary with collection site and further indicate  that 
endogenous secr� tions , los s of mucosa! tiss ue and residual p ro tein 
can mask the amino acid pat te rn within the gut in les s  than two hours 
after feeding . These data were s upported by Williams (1969) who showed 
that the amino acid ratios s upplie_d to the liver from the intes tine do 
not necessarily ref lect the ratios in the intes tine and are markedly 
different between individuals infus ed with equimo lar concentrations 
of amino acids . 
Nasset  e t  al. (196 3 )  inves tigated the effe ct  of the corn p ro tein ,  
zein, on free amino acid levels in gut contents and plasma. Two 
hours after  being fed  specific quan tities of zein, the dogs we re 
anes thetized and blood samples col lect e d  f rom the caro tid, mesenteric , 
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portal and j u�ular veins. Amino acid levels were generally in­
creased over fasting levels for all sites of collection, especially 
in the mesenteric vein . Lysine and tryptophan were found in liberal 
quantities in the gut contents even though these amino acids are 
virtually absent in zcin. Plasma levels of lysine and tryptophan 
were not affected by the low dietary levels . The data were supported 
by an extensive report by Elwyn (1968) on amino acid movements between 
the intestine, liver and peripheral areas in the dog. Plasma sam� 
ples were obtained by catheters implanted into the portal vein, 
hepatic vein and hepatic artery. Although it was stated that the 
"composition of gut outputs of essential amino acids was similar to 
the meal" it was also evident that gut output of amino acid was not 
consistent with time or between .dogs. Du�. ing a twelve-hour collec­
tion period , lysine varied randomly bet�.,reen one and 42  micromoles 
per 100 milliliters of blood . A major peak of 62 micromoles oc-
curred six hours after a single feeding of horsemeat . Splanchnic 
outputs cf amino acids ·varied from 900 micromoles to 2000 between dogs , 
and amino acid output from the gut varied from approximately 200 
percent of increase over the gut inta�e to less than an eight 
percent increase . One reason for the difference in absorption rates 
between dogs may have been related to the length of the small intes­
tine (Willi ams , 1969) . Intestines with shorter length were shown 
to have markedly slower rates of absorption. 
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Protein and Amino Acids for Hens 
S tudies on the p rotein req uirements of laying hens have als o  
received considerab le attention. Many of the early s tudies which 
were · in one way or another imp ortan t  in the deve lopment  of p res ent 
fee ding me thods were covered in a revi ew by He user ( 1941 ) . Cer­
tainly at that early date , s eve ral factors besides protein affected 
the rate of lay . The confounding of the ef fects o f  thes e factors 
with those of protein leve l � s e  was unavoidab le . Vitamins were · 
supp lied  entire ly from the feeds tuf fs and minerals were s upp lied 
from bone meal and limes tone . Als o , level of p roduction was its e lf 
limiting and 45 pe rcent  p roduction for a 1 2-mon th period was 
considered goo d. I t  may be expecte d that the los s o f  p rotein in 
the egg when hens are laying at a highe r  rate of produc tion would 
be greater  th an t4e e xt ra cos t  of . ene rgy when production increas es 
from 45 to 70 percent. On the b as is of the review it was concluded 
that the die t for h ens should contain 15 percent  p ro tein , h ut it was 
sugges ted that conside ration be given to exp ressing the nitrogen 
requirement in tenns of amino acids as a function of me tabolic s ize, 
p lus an amoun t for gro w th or production . Con tinuing his line of 
though t, the protein requirements should be eq uivalent to the 
limiting amino acids p rovide d by the 15 percent  diet plus the ex tra 
cos t of incre asing the rate  cf lay from 45 to 70 percent. In order 
to es tablish requireme nt leve ls it would also  be  necess ary to con­
side r total feed intake , es.pecially if ad lib i tum feeding practices 
we re used .  Much of the variation in s uggested p rotein levels for 
hens can be attrib uted  to the level of fee d  intake as well as the 
amino acid pattern and availabity of the protein . 
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· In view of the long-te rm consideration of req uirements exp ressed 
in terms of amino acids , it is difficult to understand why continued 
emph asis is placed on p rotein . As late as 1967 , a report discuss ed 
the protein and calori e-protein ratio req uirements of coturnix 
quail , without conside ration for amino acid levels. These classifi­
cations can have limited s cientific me rit b ecause they poorly define 
a spe cific dietary need. Both are expressions of total nitrogen 
without consideration of the compounds which comp rise the total 
nitrogen value , Neither exp ression can be reasonably used with 
diets containing different ratios of diffe rent feedst uffs or even 
diffe rent ratios of the same feedstuff when the amino acid patterns 
of the protein are · uneq ual. The only condition under which p rotein 
pe r se may b e  important is when protein is associated with a so-
. . 
called "unidentified growth factor" .  Even considering tha · 
condition , a classification of protein requirement would b e  me an­
ingless unless the spe cific source of protein is specified. If a 
spe cific diet was used  and this diet compared as a feed for various 
strains or conditions , then it would b e  possible to make valid 
interpretations. If  a spe cific diet was used with diffe rent feed 
additives , then valid interpretations could be  made . If  the diets 
supply simple differences in protein levels from various mixtures of 
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ingredients, then a response may be more closely related to the 
ratio of feedstuffs than to the amounL of protein, and valid inter­
pretations become impossible. It would not be possib le to separate 
the ' effect due to protein from the effect due to several other 
factors associated with a change in ingredients . On this basis, 
attempts will be made to restrict the literature revit;w to thos 0. 
studies in which single protein sources or amino acids were used 
as variables . 
Inf luence of Genotype 
Perhaps one of the least understood factors affecting the 
response to proteins or the requirement for amino acids has been the 
difference between birds with similar but not identical parentage . 
The effect of strain and of differences within a strain has been 
reported in _ sever�l papers. One of  the first observations about the 
effects of genotype on amino acid or protein requirements has been 
published by McDonald (195 7) . A dif ference in response to methio1 ine 
supplements to layer diets by Black Australorp and Single Comb 
White Leghorn (SCWL) hens was noted. These data were supported by 
those of Griminger and Fisher (1962 )  who reported that th� growth 
potential of chicks reared on diets deficient in lysine and 
arginine was inherited. 
Nesheim and Hutt (1962) reported a 25 percent di fference within 
two SCWL strains in the requirement for arginine. Hess et al. (1962) 
observed that lines ·differtng in requirement for methionine could 
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be obtained by selecting breeding stock according to response on 
a methionine-deficient diet. Lepore (1965) also observed that lines 
differing in the requirement for methionine could be selected from 
raridom-bred SCWL stock. Enos and Moreng (1965) showed that the 
lysine requirement of chicks from New Hampshire stock was under 
genetic influence. The chicks, which were selected for weight 
after being fed a deficient diet, transmitted different potentials 
for growth when lysine-deficient diets were fed to their o ffspring . 
Moreng et al. (1964) showed that a response from different 
protein levels expressed as maximum egg production during any given 
four-week period was affected by strain. Of four strains tested, 
maximum production was obtained with 15 and/or 17 percent protein. 
Maximum product�on varied from 7.8 percent for strain A to 75 percent 
for B, C and D .  Peak production varied from 65 percent for strain 
A fed the 13  percent protein diet to 70 percent for the same diet 
fed to strain C .  Strain B peaked at 75 percent for the 1 3  percent 
protein diet, which indicated that their requirement for the limiting 
amino acid in the diet was lower than the remaining three strains. 
Deaton and Quisenberry (1965a) a�so_ showed that when amino 
acid levels were calculated to be equal, a strain dif ference was 
observed in response to total protein level . The difference 
was detected by a factorial analysis of variance as a strain X 
protein interaction ; that is, the response to changes in protein 
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level was differe nt b e tween the four s trains . Protein levels were 
varied by changing th e ratio of mi.lo and soybean meal in the diet. 
It was of interes t to observe that the amoun t of defluorinated  
rock phosphate increas ed with incre as ed amount of  mi.lo. Egg weigh t 
was also affected by the change in protein level but did no t appear 
to b e  related to s train . 
Brown and Hale (1965) compared corn , oats and barley as the 
maj or ingredients in die ts for caged layers . Their res ults with 
a large crossbred s train and a small commercial hybrid showed 
that the smaller s train pe rformed better than the crossbre d  s train 
wh en the die ts contained no supplemental amino acids . No evidence 
was found to indicate th at the small bird ' s  req uirement for energy 
differed from th at of the larger · bird. 
Deaton - and Quis enberry (1965b) showed_ that egg production 
(65-67 percen t) was not improved wh en a 14  percen t  protein diet 
was supplemented with me thionine and tryp tophan to equal National 
Research Council s tandard levels. The addition of amino acids was 
made to 14 percent protein corn or milo bas ed diets . Egg weigh ts 
for the birds fe d mi.lo were smaller (57  vs . 60 gm. ). The- smaller 
eggs from the birds fed the mi.lo diet were believed t o  b e  due to a 
deficiency of linoleic acid. 
Lillie and Denton (19 6 7) pres ented data on the effect of 
protein leve l of the grower and lay er diets on sub sequent perfor­
mance of the laying s tock. • Literature published prior to 1966 on 
the effect of grower and layer pro tein leve ls was reviewed in 
a selective manner . It was concluded that significantly imp roved 
production was observe d for 2 1  and 16 pe rcent protein diets ove r 
lower protein leve ls .  The 1 4  pe rcent protein diet was adeq uate 
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for egg production but not for maintenance of body tissue. A 
difference in the rate of egg producti on and in weight of eggs 
produced was obse rved between strains. The hens fed the 12 pe rcen t 
protein diets also cons umed greater amounts of feed , but feed 
intake was not affected by strain . 
Factors Contributing to the Strain Effect 
Jaffe (1964) , in a s tudy on the factors affecting egg s i ze 
and yolk size, found that yolk - size was corre lated  to genotype 
(r=0 . 82)  and to environment (r= 0 .- 33) as well as phenotype (r=0 . 55 ) .  
The ability of the _ sire to transmit egg size was greater than the 
dam (r=0. 7 3  vs . r=0 . 29) . Yolk size was transmitted  equal ly by 
sire and dam , It was apparent that larger  size d eggs would require 
more nitrogen pe r egg . -The re lationship of these data to the s train 
difference in res ponse to protein leve l was not discus sed. 
Fisher (1969) reported on the eff�ct _ of protein on tne re la­
tive contribution of shell, yolk and albumen to the whole egg. The 
studies were made with two hybrid strains 67 weeks old and fed a 
9. 3 percent protein diet. Egg weights were reduced from 63  to 56 
gm. by the low protein diet. The percentage of yolk increased from 
31. 6  to 32 . 4  for a brown egg-laying strain and 30. 1 to 30. 6 for the 
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Leghorn type hybrid fed the higher protein diet. The relationship  
between protein level and yolk size was highly signi ficant. A 
relationship of protein to shell thickness was also obs erve d , b ut 
it was ignored becaus e  shell thickness is freq uently affected by 
the rate of lay. 
Effect of Chemical Form of Nitrogen 
Feathers ton et al. (196 2) in a trial with chicks s uggested 
.that the L and D amino acids were metaboli zed equally well. Crite·ria 
for that study were growth and feed utili zation . Free amino acids 
in plasma were also considered. The addition of excess D or L 
indispensible amino acids promoted eq ual growth rates and feed 
consumption . Plasma free amino acids were increased for the indis­
pensible as well as the dispensiqle forms. 
The source of nitrogen was also investigated by Akintunde 
et al. ( 1968) .  The die ts contained 12 and 14 percent protein with 
supplements of two and four percentage equivalents of protein from 
diammonium citrate , diammonium phosphate and soybean meal . The 
diets were fed for fourteen weeks to hens forty-two weeks of age 
which had previously b een selected for similarity in egg production. 
S ignificant increases were obtained by s upplementing the 12 percent 
protein diet with eith er level of soybean protein . No effect was 
obs erved for the supplements to th e 14 percent protein di et . The 
non-protein sources - did not affect production at either level of 
protein. This report · is in aggreement with Moran et al. (1968)  and 
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is in contrast to the work of Chavez et al . ( 1966 ) and of Young 
et al. (1965 ) . The die ts used by the latter two groups were also 
between 12 and 14 percent in protein and of a simi lar composition. 
No exp lanation was given for the discrepancies in results. 
Absorption and Retention 
Adib i � al. ( 196 7 a-b ) were concerned that the relative 
absorption rates of the amino acids were di f ferent. Their tests 
on young men involved absorption rates from the small intestine after 
perfusing the j ej unum with free amino acids and simultaneously with­
drawing samples. Although absorption may be di f ferent in the avi an 
species, it was shown that methionine , isoleucine and leucine were 
absorbed most rapidly. The rates o f  absorption of praline, arginine , 
alanine and pheny lal , mine were slightly slower. The dicarboxylic 
acids, glut�ic and aspartic , were �i ther absorbed more slowly , or 
perhaps they were rep laced by transarnination of the alpha Keto aci d  
as they were absorb ed . Changes in the plasma amino aci d levels 
may have been slightly related to absorption pattern, b ut the 
relationship was not consistent. The absorption ra es of amino 
acids in  the hen were studied by Tasaki and Takahashi ( 19 66 ) . They 
found that the relative absorption rates o f  arginine , tyrosine , 
aspartic acid ,  glutamic acid  and glyci ne were all slow compared 
to other amino acids. 
Wi lli ams (19 6 9 )  tested th e absorption rates of amino aci ds in 
sheep. The sheep were fed standard low rough age diets for six 
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weeks and starved for 48 hours before the test. The amino acids 
were infused into 60 centimeters of exteriorized small intestine. His 
data given in comparison to that of Delhtnneau et al. (1962) for 
the rat, Orten ( 1963) for man, and Tasaki and Takahashi (1966) for 
the fowl, indicated that the rates of absorption of most amino 
acids were similar for all species. However, marked differences 
in absorption rates were shown between Mammalia and Aves for argini e, 
lysine and proline. Rates of absorption of glutamic acid, glycine 
and proline were similar for the two classes. Histidine was absorbed 
more rapidly by Aves than by Mammalia. 
Boorman and Fisher (1966 )  studied interactions of several amino 
acids in chicks. It was reported that methionine at higher levels 
(0. 8 percent) resulted in decreased growth rates. A leucine, 
isoleucine and valine interaction was also observed. Leucine 
depressed growth rates of chicks when added to diets containing 
added lysine whereas arginine did not. It was suggested that 
arginine acted as a detoxifying agent in the presence of excess 
lysine. 
Boorman et al. (1968), after first reporting on an arginine­
lysine interaction ( 1966), tested the effect of lysine on reabsorp­
tion of arginine from the kidney of cockerels. Twenty cockerels 
weighing between 1.1 and 2.0 kg. were infused for 100-minute 
periods while under anesthesia. The results indicated that as the 
rate of lysine infusion increased from 0 . 0 to 4.0 micromoles per 
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mi nute pe r kilogram , ef ficiency of reab sorp tion of lysine dropped 
from 98 to 64 pe rcent . Ef ficiency of reabs orp tion of arginine was 
almos t iden t:i cal and dropped from 9 7 to 66 percent . Al though 
con.siderable variation was obs e rved between individuals infus ed 
with the higher levels of lysine, the reduce d effi ciency of 
absorp tion of both amino acids was highly significant . It  was 
sugges ted that an inhibitory ef fect  on reabs orp tion at the tubular 
level was involve d. The reabs orption of ornithine and his t i di ne als o 
appeared to b e  affe ct e d  at the highe r rates of lysine infusi on. 
Wat erlow and S tephen ( 1968) in an extensive review of the 
literature about the e f fe ct of low die tary protein levels on amino 
acid incorporation sugges te d that an adaptation to low p rotein 
levels occurre d in rats . The sp� cific research reported on con­
cerned the incorporati on of lysine into p rotein when the rats were 
fed low protein diets . In normal rats the rate of turnover of 
nitrogen was approximately 350 mg pe r 100 gm per day . When the 
low protein die t was impos ed the rate was reduced to app roximately 
260 mg. The reduction was primarily due to a reduce d turnover of 
amino acids in the es sential organs or tis sues.  Turnover _in the 
les s  es sential organs or tis sues , · such as _skin and mus cle , was not 
affe cted. Wi th normal rats , the rate of turnove r ( 350 mg ) plus 
dietary nitrogen ( 250 mg ) was es timated to b e  600 mg . of nitrogen 
per 100 grams of body weight per day. The dietary contributi on of 
amino acids to the amino acid pool or plasma was es timated to b e  40  
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percent of the total and turnove r of amino acids was 60 percent of 
the total . Thus, the endogenous source of amino acids contributed 
150 percent of that contributed by di.etary sources . 
Kaufman et al . (1966) investigated the effect of a deficiency 
in methionine on values for chemical and histological properties 
and growth in the rat. It was observed that iron was either poorly 
retained or poorly absorbed in the absence of me thionine , and 
endogenous stores of body iron were transported to the liver. 
In spite of this compensation or adaptation, anemia was evi dent 
after only two weeks of feeding the de ficient diet. Hernatocri t 
values, hemoglobin levels , body and kidney weight were all suppressed 
in the methionine deficient rats. It was surprising that in spi te 
of a lower body weight , the livers of the deficient rats were 
larger (4 . 70 vs. 4. 51  gm . ) .  It was suggested that the greater 
weight may have been due to "citrilobular fatty metamorphosis" 
which probably means intracellular fat infiltration. 
Sidransky and Vern�y (1968) reported that when rats were 
force-fed a diet deficient in threonine, several morphological 
changes occurred. The most str:f.king change was the marked atrophy 
of the pancreas and submaxillary glands . Atrophy of the parotid 
gland, stomach and thymus also occurred. It was also suggeste d 
that threonine was prefe rentially used for the synthesis o f  plasma 
and hepatic protein over skele tal muscle when the rats were fe rl 
diets de ficient in threonine .  Threonine is a four-carbon hydroxy 
amino acj d, and reamination of alpha ketoglutarate produced by 
deamination does not occur. It is possible to form the L-amino 
acid in some organisms by combining acetaldehyde with glycine 
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and by carboxylating amino ace tone followed by reduction with NADH . 
No reports ere observed which indicate that this pathway or a 
similar pathway of regeneration was present in the avian Class. 
Amino Acid Requirement Standards 
The amino acid requirements of poultry are also affected by 
several other factors and it is sometimes impossible to separate 
the confounded effects of s econdary factors from the true effect 
of the amino acids. 
Nelson et al. (1960 ) suggested that the amino acid requirements 
of chicks increased with increased leve l of protein. Methionine 
and cystine were fed at levels from 0. 55 to 1.35 percent in 0.10  
percent increments. The diets con tained from 20. 5 to 26. 4 percent 
crude protein. 
Naber and Touchburn (1963) used three different standards 
in an attempt to improve performance of hens fed low protein 
diets supplemented with amino acids. A 12 percent protein corn­
soybean meal layer diet was supplemented with amino acids a ccording 
to National Research Council . standard levels . A response was ob­
tained from methionine but not from lysine supplements even though 
both were calculated to be deficient. The 12 percent protein 
diet was also supplemented with amino acids to equal a standard 
calculated from the 16 percent protein diet. A response was ob­
tained from lysine, but the combination of lysine and arginine 
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depress ed egg production. In addition to the two previous standards, 
the diet was also supplemented to provide amounts bas ed on the 
ratio of amino acids in whole egg.  In this case a response was 
obtafned from lysine, threonine, tryptophan and valine . From these 
data it appeared that lysine, methionine, threonine, valine and 
tryptophan may all be limiting amino acids in this diet. 
Sherman (1959) in a selecte<l review of literature concerning 
amino acid supplements for livestock stated that the amino acid  
requirements of poultry were affected by energy level as well as 
protein level. It was suggested that a correction of 0.07 percent 
of the amino acid per 12 5 cal ME, and an 0.10 percent correction 
for each three· percent change in protein should be madQ . It was 
also sugges�ed that the requirements were affected by age, tempera­
ture and sex. He _stated that the factors are interrelated with 
amino acids and may have different effects on the requirements 
depending upon the extent that each factor deviates from a nonr ..al 
standard. The situation was said to provide one of t 1 1 e  most 
complicated areas of research because neither minerals, vitamins 
nor energy have such varied relat:5. , nship� with themselves_ and other 
factors. The statement receives support from the data of Naber and 
Touchbum (1963) previously ci ted. 
Davidson and Matheison (1965 ) reported that the methionine 
levels recommended by the National Research Council were generous. 
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They suggested a 20 percent decrease in diets for cockerels grown 
under conditions in Scotland. The birds used to establish NRC 
recommended levels probably were from fast-growing broiler strains 
and it is possible that the rate of increase in the nitrogen 
requirement was greater than the rate of increase for energy. 
Thus, the amino acid requirement per day may increase at a faster 
rate than the increase in feed consumption with birds selected for 
rapid growth potential. 
Gleaves et al. (1968) inves tigated the interrelationships 
of four physiological food intake regulators in the laying hen. 
Neither dietary protein , volume, energy or weight had significan t 
effects upon food consumption. Feed consumption increased i n  a 
linear manner with level of protc · n  and density and decreased with 
increased levels of energy. Significant interactions of protein 
and energy and of volume and density were found. These data indi cate 
that feed intake and the resulting intake of nutrients was governed 
not only by the amounts of each single factor but were affected by 
the relative amounts . of all factors as well. 
Morris (1968) in a review of evidence of the hen 's ability 
to regulate food intake according to diet .given, suggested that 
birds fed high energy diets tend to overconsume energy. Increased 
feed intake generally resulted in an increase in body weight ,  
which in the mature bird would be essentially laid down in the 
form of fat deposits. The �orrelation of extra energy consumed 
and b ody wei gh t  gain was hi gh ly significant ( r=0 . 6 7 5 ;  P < 0 . 00 1 ) . 
Thus � 46  p er cent of the variat ion in body wei gl t was ;1 s f; od. ;i t � d  
wi th variation i n  c aloric in take . I t  was s ug ge s te d  that s t  a1.ns 
whi ch 'no rmal ly consume l ar ge q uan ti ties . of  ene i: gy te.nd to com­
p ens at e  les s  ef ficien tly f or chan ge s in' d :l e  t a 1::y ene r gy . 'rh -::sE.:  
dat a are in a gr eeme nt wi th the  work of Pay 1:2 csri. d i.,eid_ •., ( 1 9 6 6 )  
with broi le r chicks. 
Balloun e t  al . (19 60) fed 24 p erc�et  prntein s tarte r diets to  
tu rkey p oult s ., The di e t s  were s upp lemented ·,Ji t:h O .  5 pl".= r c2nt n.e t h i. -
onine , 0 . 2  percent lys i ne and 0 . 2  perce n t  D gj n.t ,.1 .:1 . Thei r ·ri::-, 5 ul t s  
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indicated th at the 24  pe r cent p ro t e i n  an d supplemen t e d  d i e t  s up ­
ported  grow th ·equiv a l e  .t  t o  a - 28  p e r ce n t  p ro t e i n  d i e t . Tiv�s e cL� t.a  
indi cate th at unde r cert ain c011d.i ti ons pro tein ca,n be  _rep l ace d by 
amino aci d s , wi thout af fcct ing the r ate of g rowth . O ther l l  t e ra t ure 
concerning a min.:> a ci d  s up ple men ts for low p ro tein turkey s t art e r  
diets has b ee1 rev i ewed b y  Carls on (196 7 ) .  
Ni tro gen Los s es in Urine and Feces 
Los ses of ni trogenous comp ounds in the urine and feces  of 
hens have als o received con siderab le at tenti on . Thomas et al . 
(196 9 )  us ed a new te chnique p res ente d by .. Davids on and Thomas ( 1 9 6 9 ) 
to es ti mat e s e·vera l ni t rogenous comp ounds in hen excre ta . They 
used a b as al die t  whi c'1 was p redominan tly barley , o at s , whea t  
and ei ther  g round nut or white -f ish me al to s upply 10 . 4  percent 
protein. A greater percentage of nitrogen was lost as uric acid 
from ground nut meal (37. 4 percent of the dietary N) than from 
the diet containing fish meal (27.0 percent). When ground nut 
meal was supplemented with 0.1 percent of methionine and lysine, 
urate N was reduced to 30.5 percent of the dietary N. A difference 
in digestibility, which approached significance, was attributed to 
an · effect of methionine which aided absorption of other amino 
acids . 
O ' Dell et al . (1960) showed that the predominant nitrogenous 
losses in urine from chicks were uric acid, glutarnic acid, glycine, 
omithine, and lysine. Uric acid accounted for 81 percent and 
the total amino acid content accollllted for 2 . 01 percent of the 
nitrogen from the urine of five-week old chicks . Lysine and 
glycine were among the predominant amino acids found. The dicar­
boxylic amino acids and ornithine were also present. 
Waring (1969) studied digestibility of amino acids from 
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protein supplements in the colocutaneous fistulated hen. The protein 
content of fish meal was 64 percent compared. to 46 percent for meat 
and bone scraps and 24 percent for field beans. Each test protein 
was mixed to supply a highly dige·stible diet. The digestibility 
of the three proteins was approximately 89, 69 and 83 percent 
respectively . In this study, in contrast to the works of Tasaki 
and Takahashi (1966) and Williams (1969) absorption coefficients 
for most of the amino acids were within five percent of the mean 
value. Thus, amino acid availability would be affected equally 
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for all amino acids proportional to the digestibility of  the protein. 
Approximately 0.4 grams of endogenous urinary nitrogen and 0.6 grams 
of metabolic fecal nitrogen were lost per day . Urinary nitrogen 
was calculated to be O . 80 mg x gram of body weight to the O. 75 power . 
For a two kg . hen the loss of nitrogen in the urine should be nearly 
240 mg/day. 
Source of Nitrogen 
Bornstein et al . (1968) compared performance of  hens fed 
diets containing 15 percent protein from either com-soybean meal, 
nd.lo-soybean meal or these diets supplemented with fish meal, 
tallow, or acidulated soap stock. The performance of the birds 
fed either bas·al was improved -by each supplement . It was suggested 
that methionine was a limiting aIDino acid in the 15 percent protein 
layer diets _and t�at linoleic acid was a limiting factor in the 
milo diet for the ·production of normal sized eggs. 
Lewis (1966) presented an approach which compared the relative 
economics of supplying ·amino acids as protein or as a synthetic 
source. It was clear from the data presented that a 12.5 percent 
protein layer diet containing a mixture of fish meal, sorbean 
meal, corn, wheat and milo should supply .. adequate amounts of most 
of the essential amino acids. Lysine, methionine and tryptophan 
respectively were calculated to be 83, 96 and 96 percent adequate. 
The diet was 10 7, 109,  and 114 percent adequate respectively, 
when the protein level was. increased to 14. 5 percent . The data 
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showed that a response to methionine and lysine could be expected 
at the 12 . 5  percent level but not at the 14. 5 percent protein level. 
Bri tzman and Carls on ( 196 3) (1965) found that performance of 
hens fed a high-energy 11 percent protein corn-soybean meal layer 
diet was improved by supplements of lysine and methionine. Pro­
duction improved as a result of tryptophan supplements , but it 
was not equivalent to that expected of a 16 percent protein diet. 
Production rates were not further improved even when lysine, methi­
onine, tryptophan, isoleucine, glycine , valine and arginine were 
added in a cumulative manner. 
Jackson et al. (1967) also tested the effect of lysine and 
nethionine supplements to corn-soybean meal and to barley- fish meal 
diets. Supplements were made to .. each o f  the diets such that each 
contained an additional 0 . 1  and 0. 2 percent of each amino acid. 
Their results indi-cate that a 14 . 3 percent corn-soybean meal layer 
diet was adequate in both amino acids. Addition of the amino 
acids to an 11. 1  percent protein barley-fish meal layer diet im­
proved both feed conversion and egg production. 
Bray (1960) has indicated that the ratio of protein from corn 
to that of soybean meal should be 60 : 40. . Working with various 
corn-soybean meal layer diets , he found (1965 ) that when corn was 
the principal constituent of the layer diet , lysine was more 
limiting than methionine, and when soybean meal was increased 
ioothionine became more lim�ting than lysine. In 1964 he observed 
that isoleucine and lysine were most limiting in a layer di et 
containing 8. 5 percent protein and a 60:40 ratio of corn to 
soybean meal protein. 
Kirkpatrick and Foulton (1967) compared choline and methi­
onine in 15 percent protein layer diets. The effects of choline 
were evident only on egg production. The addition of methio­
nine to the diet had no effect on the criteria studied. Levels 
of methionine were calculated to be 0. 5 3, 0. 61 and 0.66 percent. 
Choline was calculated to be at levels of 0. 54, 0. 73 and 0. 92 gm. 
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per pound of diet. The 0. 92 gm. level of choline appeared to have the 
greatest influence on egg production. The 0. 53%  level of methio-
nine appeared to support egg production as well as the 0. 92 gm. 
level of choline. 
The factors that influence a response to amino acid supple­
ments and the problems involved in measuring a response have been 
reviewed only in part. Unfortunately , no · thorough review of the 
data has been published in recent years that would be suitable 
for reference. This review serves only as an introduction to 
studies reported herein. 
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GENERAL EXPERIMENTAL PROCEDURE 
Experiments with Laying Hens 
The experiments with laying hens were made in wire cages . All 
trials were made with one bird per eight-inch cage except the last 
trial which had two birds per eight-inch cage or three birds per 
twelve-inch cage. The trials were generally ten months in duration. 
Feed and water were given ad libitum in all cases. The basal 
diet, shown in Tab le I, was es sen ti ally the diet of Bri tzman and 
Carlson (1965), but further diluted to 9. 4 percent protein with 
glucose monohydrate. As a result of the dilution, the metabo­
lizable energy was increased to 3.40 Kcal/gm. The ratio of protein 
from corn to that from soybean meal was maintained at 60:40 as 
recommended by Bray (1960). Amino acid supplements were made to 
125 percent of the standard of Johnson and Fisher (1958) , and the 
values are given in Table 2 along with levels recommended by the 
National Research Council (NRC) (1966). Amino acid levels 
were calculated from the table of average values according to 
Merck ( 1965). 
Criteria for response to tr�atment for the laying trials 
included egg production and weight, egg shell thickness, quality 
as measured by Haugh units, body weight, feed conversion and 
mortality. Free amino acids in blood serum and specific proteins 
as reflected by electrophoretic patterns on polyacrylamide gel 
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were also considered in limited trials. In the last test, in 
addition to the basal diet with methionine, lysine and tryptophan, 
supplements of inositol, methionine, lysine and valine were tested 
in a factorial arrangement of treatments. Analyses were also made 
for liver and plasma lipid. 
For the egg production data, records were calculated on a 
hen-day basis. Egg weights were obtained by group-weighing the 
entire egg production for two days of lay at least twice a month. 
Shell thickness and egg quality were determined on at least ten 
average eggs for each treatment group at least once each month. 
Body weights were taken initially and at the tennination of the 
trials and at other irregular intervals. Mortality was calculated 
at the end of e�ch experiment. 
When considered, serum and egg protein electrophoretic pat­
terns were determined on polyacrylamide gels according to the 
method of Ornstein (1964) and Davis (1964). Serum and eggs for 
chemical studies were obtained from hens which had laid eggs on 
five consecutive days after a rest of at least one day. 
For the last trial, livers and pl�sma were obtained from 
hens that had been fed the basal diet for · a six-month period and 
then either continued on the basal for a four-month period to 
provide a control or fed one of the 16 diets from the factorial 
set of treatments. Hens were also selected from a group which was 
fed a typical cage layer diet for ten months. Hens were selected 
at random from each group fed a connnon diet . The birds were killed 
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electrically and blood was drawn from the jugular vein and carotid 
artery while the hen was hanging from a track. The livers were 
removed immediately and both the blood and livers were cooled on 
ice. 
Analysis for lipid in fresh plasma was made by extracting 2 ml. 
aliquots of plasma with 10 ml. of a 1:2 ratio of ethanol and diethyl 
ether. Five mls. were transferred to a previously weighed aluminum 
pan and the samples were first air dried, then dried for two hours at 
100° C in a  drying oven. 
For liver lipid, the livers were sectioned at the center of 
the right lobe. The tip of the lobe and external fatty tissue were 
discarded. Sections of the remaining tissue were randomly selected 
to provide approximately 3. 5 grq1t1s of wet liver. The samples were 
dried for 16 hours at 100° C and the fat was extracted by refluxing 
with diethyl ether for 16 hours. 
Experiments with Turkey Poults 
For the turkey growth studies, day-old turkey poults were 
placed in Petersime batteries for either four or five weeks. Feed 
and water were given ad libittnn and heat was maintained near 3 7.5° C 
for the first week. Temperatures thereafter were adj usted to the 
bird ' s  apparent comfort, which varied with room temperature . Body 
weights and feed consumption were obtained either at seven-day or 
at 14-day intervals. Several diets were used and the compositions 
39 
of each low-protein diet for each trial are given separately in 
Tables 3 and 4. The amino acid standards used are given in Table 5. 
Analyses of serum for free amino acids were made on an average 
of five poults and on an individual basis. The blood was collected 
by heart puncture and allowed to clot . The plasma was deproteinized 
with picric acid, centrifuged and the excess picrate removed on 
Bio-Rad Ag 2 x 10 resin. Analysis was made on a Beckman 120 amino 
acid analyzer. Several tissues and ages of poults were analyzed 
but are not reported. In one case, cockerels were fed the turkey 
diets for a 4.5-day period, the birds were killed by cervical dis­
location without loss of blood and immediately frozen. The entire 
frozen chicks were individually ground while frozen in a #1 Universal 
hand-operated grinder. The resulting material was well mixed and 
two grams were added to twenty ml. of saturated picric acid solu­
tion. The mixture was homogenized in an omni-mixer for two minutes, 
centrifuged and the excess picrate removed from the supernatant 
liquid on Bio-Rad Ag  2 x 10 resin. The free amino acids were 
analyzed as previously described for serum. A completely random 
design was used in each growth study �xc�pt for trial 3, which 
involved the use of a factorial application of treatments in a 
randomized complete block. Complete and specific procedures 
pertinent for each trial are given in the appendix. 
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TABLE 1. COMPOS ITION OF THE CAGE-LAYER TEST DIETS US ED DURING 
EXPERIMENT 3. 
Pro tei n  Trea tment 
# 2  
S oyb ean S oybean Yellow S oyb ean S oybean 
Basa l Meal Pro tein C orn Meal Pro tein 
% % % % % % 
Ground Yellow Corn 41. 8 41. 8 4 1. 8 7 5. 8  41 . 8  41 . 8  
S oybean Mea l ( 50 %) 11. 2 1 7 . 1 11. 2 11. 2 2 3 . 0  11. 2 
S oybean Pro tein (90 %) . . . 3. 3 6 .6 
Cerel os e 3 4 . 0  28. 1 30. 7 2 2. 2  2 7 . 4  
Ye llow Greas e 5 . 0 5 . 0 5. 0 5. 0 5. 0 5 . 0  
Limes t one 5 . 0 5. 0 5. 0 5 . 0 5 . 0  5. 0 
Di cal c ium Ph ospha t e  2 . 0 2. 0 2. 0 2 . 0 2. 0 2 . 0 
Salt  Mix 1 0 . 5 0 . 5  0. 5 0 . 5  0. 5 0. 5 
Vi tami n  Mix2 0 . 5 0. 5 0 . 5 0 . 5 0. 5 0 . 5 
DL-Me thionine 0. 2 5  0. 17 0 . 20 0. 16 0 . 09 0. 15 
L-Lysine 0 . 19 0. 14  
DL-Tryptophan 0 . 0 4  0. 0 1  0 . 0 1  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. ME kcal . / gm . 3. 34  3. 28  3. 34 3. 28  3. 2 2  3. 34  
Pro tein Equivalents 9 . 85 1 2  . 5 3  12 . 54 1 2 . 7 3  1 5. 35 1 5 . 4 5  
Cys tine & Me thionine 3 . 500 . .. . 500 . 500 . 500 . 500  . 500 
Lys ine . 6 25 . 625 . 643  .625 . 81 2  . 8 36 
Tryp t ophan . 150 . 1 53 . 150 . 150 . 19 2  . 17 3  
1 Contains 97%  NaC l ,  0 . 3% s ,  0 . 05%  Cu , 0 . 17%  Fe , 0. 01%  Co . ,  and 
0 . 46% Mn . 
Provides , per Kg � o f  diet , 2 3 70 IU Vi t . A ;  820 ICU Vi t .  D3 ; 11  IU . 
Vi t. E . , 2 . 2  mg . Vi t. K ;  29 mg .  Niacin ; 4. 8 mg. Panto th ena t e ;  3 7 5  
mg . Ch oline ; 4 . 8 mg . Rib oflavin ;  9 . 7  mcg . Cyanocobalamine and 110 
mg . Ethoxyquin. 
3 Not more than 0 . 200% as cys tine or  less than 0 . 300% as meth i onine . 
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TABLE 2 :  AMINO ACID REQUIREMENTS O F  LAYING HENS AND THE CALCULATED 
CONTENT OF THE LOW PROTEIN BASAL DIET . 
National Johnson & Fisher {19582 
Rese arch Council 1 100 Percent 125 Percent Basal 
% % % % 
Arginine 0. 8 0 . 50 0 . 63 0 . 60 
Cystine 0 . 25 0 . 16 0 . 20 0. 15 
Glycine 0 . 50 0. 63 0 . 4 8  
Histidine 0 . 18 0 . 23 0 . 21 
Iso leucine 0. 50 0. 50 0 . 63 0 . 49 
Leucine 1 . 20 0 . 68 0. 85 0 . 82 
Lysine 0. 50 0 . 50 0 . 63 0 . 4 7  
Methionine 0 . 28 0 . 24 0 . 30 0 . 17 
Phenylalanine 0. 42 0 . 53 0 . 4 5  
Threonine 0 . 40  0 . 30 0. 45  0 . 25 
Tryptophan 0 . 15 0. 12 0 . 15 0 . 12 
Tyrosine 0. 30 0 . 38  o .  3 ,6 
Valine 0 . 54 0. 68 0. 4 8  
1 National Research Council (1966). 
Diet2 
2 Calculated on the basis o f  the amino · acid content o f  the feedstuffs  
" 
as given by Merck (1961) . 
TABLE 3. COMPOSITION OF THE TEST DIETS FOR STARTING TURKEY POULTS , 
Pro tein  Trea tment 
4 2  
Ingredient 
Soybean 
Meal  
Fish 
Meal 
Corn  
Safflower Hydroly zed Gluten 
Meal Blood Meal Meal 
Mea t  & 
Bone 
Scraps 
Yell ow Corn 
Fish Meal 
Dried Buttermilk 
Alfalfa Meal 
Protein Treatment 
% 
57 . 0  
2 . 0  
2.0 
2.0 
25 . 2  
Glucos e Monohydrate 2 . 3  
Yellow Greas e 3 . 5  
Sand 
L imes tone 3.0 
Dicalcium Phosphate 2.0 
Vi tamin Mix 1 
Trace Mineral Mix2 
0.5 
0 . 5  
% 
57 . o  
2.0 
2.0 
2.0 
21 . 0  
1 2 . 5 
0 . 5  
1.0 
1.0 
0 . 5  
0 . 5  
% 
57 . 0  
2 . 0  
2.0 
2 . 0  
30 .0  
1 . 0 
3 .0 
2.0 
0.5 
0 . 5 
% 
57 . o  
2 .0 
2.0 
2 .0 
17 . 5  
1 3 . 0  
0 . 5  
3 . 0  
2 . 0 
0.5 
0.5 
% 
57 . 0  
2.0 
2.0 
2 . 0 
21 .0 
9 . 5 
0 . 5 
3 . 0 
2.0 
0.5 
0 . 5 
% 
57 . 0  
2 . 0  
2 . 0 
2.0 
22. 9 
1 1. 6 
1.5 
0 . 5  
0.5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Protein ( %) 
ME (kcal . /  gm . )  
Calc ium (%)  
Phosphorus ( %) 
1 9 . 93 
3 . 1 1  
1 . 86 
0.76 
19 . 93 
3.14 
1.94 
0.93 
19 . 9 3  
3 . 1 7 
19 . 93 
3 . 09 
1 . 8 7  
0 . 75 
1 9 . 9 3  
3 . 1 8  
-- 1 .  8 3  
0 . 69 
19 . 9 3  
3 .1 1 
2 . 50 
1 . 1 5 
1 To supply p er kg o f  f eed, vitamin A 10, 572 IU ; D3 2 , 753  I CU ; E 44 
IU ; K 2 . 2  mg ; panto th enate 8 . 8 mg ; r ibof lavin 17 . 6  mg ; chol ine 880 
mg ; niaci n  88 mg ; folic acid 2 .2 mg ; B 1 2 1 7 . 6  mcg ; bio tin 0 . 2  mg 
and ProStrep 1 mg . 
2 To supp ly p er kg o f  f e ed NaC l 4 . 85 gm ; Mn 22 . 5  mg ; Zn 25 m g ; I 0 . 5  
mg ; Fe  8 . 5 mg ; Co  0 . 5  mg ; Cu  2 . 5 mg ; and S 1 5 .0 mg. 
TABLE 4 :  COMPOS ITIONS OF THE LOW PROTEIN TURKEY STARTER DIET AND 
A TYPI CAL STARTER DIET . 
43 
Low Protein Typica l Diet  
Ground Yellow Corn 
Soybean Meal  
Fish Meal 
Dried Whey 
Alfalfa Meal 
Corn Oil 
Yellow Grease 
Dicalcium Phosphate 
Limes tone 
Vitamins 2 
Trace Mineral Salt 1 
Glucose Monohydrate  
43. 8 
2 7. 2  
2. 0 
2. 0 
2. 0 
3. 5 
3. 0 
2. 0 
3. 0 
0. 5 
0. 5 
10. 5 
40. 0 
4 3. 8 
2 . 0  
2 . 0  
2. 0 
4. 2 
2. 0 
3 . 0 
0. 5 
0 . 5  
. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Protein Level 2 0. 0  2 8. 0  
l To supply per kg o f  feed, vitamin A, 10,572, IU ; D3 2 , 7� 3  ICU ; E 44IU ; 
K 2 . 2 mg . ; p antothena te 8 . 8 mg . ,  rib of lavin 1 7 . 6  mg . ,  choline 8 8 0  mg . ,  
niacin 88  mg . ,  folic  acid 2 � 2 mg . ,  cyanocobalamin 1 7 . 6  mi crograms, 
biotin 0 . 2  mg. , and P roS trep 1 gm . 
2 To supply per kg o f  feed, NaCl 4. 85 gm. , manganes e  2 2. 5  mg . ,  zinc  25 
mg . ,  iodine 0. 5 mg. , iron 8 . 5  mg. , cobalt 0 . 5  mg . ,  copper 2 . 5  mg. , and 
s ulfur 15 mg. 
TABLE 5 .  AM INO ACI D STANDARDS FOR TURKEY STARTER D I ETS . 
Standard 1 
% 
Arginine 2 .  36 
G lycine 2 . 49 
Hi s t idine 0 . 90 
I s o l eucine 1 .  8 2  
Leucine 3 . 1 4 
Lys i ne 2 . 60 
Meth i oni ne (minimum) 0 . 9 6  
Cys ti ne (maximum) 0 . 54 
Methi onine p lus Cys tine 1 . 50 
Ph eny l a l anine 2 . 28 
Threonine 1 . 50 
Tryptophan 0 . 4 2 
Tyros i ne 1 .05 
Val ine 2 . 1 4 
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Standard2 
% 
1 .  8 1 
1 . 4 3  
0 . 6 5  
0 . 6 5  
2 . 20 
1 . 6 5  
0 . 50 
0 .  35 
0 . 85  
1 . 10-
0 . 84  
0 . 30 
0 . 7 3 
1 . 1 7  
1 Ca lcu lated from th e v a lues us ed by Dunk e l god et . a l . ( 1 9 6 2) , 
adj us ted to  a diet  containing  3 . 5 2 kcal . r-.-1E/gm:- -
2 Ca lcul at ed va lues b as e d  upon the 28% protein  contro l s tart er di et . 
RESULTS OF HEN STUDIES 
Experiment 1 
The hens used to initiate the firs t  study were two replicate 
groups of 15 Single Comb White Leghorns (S OvL) of the Cornell 
control s train which were randomly assigned to each treatment. 
The hens were in the fourth month of production at the s tart of 
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the experiment. Two replicate groups of commercial hybrids (Dekalb 
131) at 50% production were also randomly assigned to the same 
treatments. All birds had been placed in individual wire cages 
in groups of 15 when approximately 22 weeks of age. The SCWL had 
been fed the 10 percent protein high energy diet of Britzman and 
Carlson (1965) for a period of four months prior to the s tart of 
the experiment. They were then as signed the 9. 4 percent protein 
test diets along with the hybrids which had not received prior 
treatment. Diets 5-8 contained only s upplements of methionine, 
lysine and tryptophan as in diet 4 for the next three months. 
After the hybrids had been in production for three months, diets 
5-8 were further supplemented cumulatively with is oleucine , arginine, 
valine and diammonium citrate , in that respective order. Each 
nitrogen source was added in addition to the supplements preceding 
it, such that the diet containing valine contained all of the added 
amino acids and the next diet contained diammonium citrate in ad­
dition to the amino acids . 
The results given in s wnrnary in Table 6 indicate that the SCWL 
did not respond to methionine during either three-month period as 
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measured by hen-day production and egg size . The hybrids showed a 
marked improvement with the methionine supplements. This may 
indicate that the older hen has a lower requirement or that the 
methionine requirement for the SCWL strain is lower than for the 
hybrids. 
The response to lysine was apparent for the SCWL during both 
periods but for the hybrids the response was more marked in the 
first than the second period. Per���-
� the lower production in the 
second period was due to the stress imposed by higher production 
during the first period. 
The effect of tryptophan was variable but was believed to 
show a trend toward il!1provement. Isoleucine and arginine either 
depressed or did not affect production. 
The res_ponse . to valine was also variable but not greater than 
for the combination of methionine and lysine . Thus, it was 0 
clear whether or not the response would have occurred in the ab-
. _ ______ __..;-.------- . 
sence of  methionine and lysine supplementation. 
Supplementation o f  dianunonium citrate in addition to the 
amino acids was without ef fect. The absence of response -is in 
contrast to the report of Chavez et al. (1966) and of Young et a l .  
(1968) and Moran � al. (1968) . The discrepancy could be surmised 
to relate to the higher (12. 7-13.7%) protein diets used in the 
former studies but thi s was discounted by Akintunde � al. (1968) 
and Moran et al. (1967) who also used 12-14 percent protein diets. 
TABLE 6. SUMMARY OF PRODUCTION DATA OF HENS FED LOW-PROTEIN DIETS WITH AMINO ACID SUPPLEMENTS, 
EXPERIMENT 1 .  
Treatment1 
( 1) Basal 
Hen-Day Produc tion 
Period 1 2 Period 22 
SCWL Hyb . SCWL Hyb . 
% % % % 
50. Sa4 43. 2a 48 . 3a 3 7 . 8a 
( 2) 1+0 . 1 5% M 49. la  48. 4ab 59. 7b 6 2. 9 c  
Feecf7Do z. 
Eggs 
SCWL Hyb. 
· kg kg 
2. 9 · 2. 8 
2.4 2. 2 
Ave . /  Hen/ Day 
Protein Methionine 
SCWL Hyb . SCWL Hyb. 
gm gm mg mg 
9. 5 8 . 3  1 53 133 
28 2 342  
(3 )  2+0. 1 1% L 59. 5b 55 . 4b 68.0c 58. lbc 2. 4 2. 1 
8. 9 10. 8 
10. 3 10 .0 321 3 12 
321  
29 7 
330 
333 
( 4) 3+0.02% T 63. 7b c  48. 5ab 64. 3b c 62. 7c  
( 5) 4+0.08% I 3 62. 8bc 53 . lb 60. 7b 50. 2b 
(6) 5+0 . 25% A 3 62. 5b c 56 . 4b 
( 7 )  6+0 . 1 2% V 3 6 1 .  1 b c 5 2 . 7b 
62.0b 62. 4c 
69 . 9 c  6 5. Sc  
(8) 7+3 . 5% DAC 66. 3c  52.6b 63 .6b c  64 . 2c 
2. 6 2 .0 9 . 9  10 . 3  309 
2. 4 , 2 .3 10. 5 9. 3 3 24 
2 . 3  2. 1 
2. 3 2.0 
2. 4 2. 1 
10. 7 1 1.0 
10.0 1 1 . 2 
321 
29 7 
14. 1 15 . 2  3 1 5  339 
Egg Haugh 
Weight units 
SCWL Hyb. S CWL Hyb . 
gm gm 
5 7  
59 
5 7  
59 
55  
61  
60 
59 
58 58 
58 
5 7  
60 
61 
58 58 
78 8 3  
8 1  
79 
79  
78 
7 7  
7 2  
78 
7 7  
80 
80 
78 
7 6  
76 
78  
1 The amino acid supplements were: M, DL-Methionine ; L, L-lysine ; T,  DL- tryptophan; I,  DL-isol eucine ; 
A, L-arginine ; V, DL-valine ; DAC, diarnmonium citrate. 
2 Period 1 included the first 3 and period 2 i ncluded the last 3 months o f  the trial. The SCWL had 
been fed Diet 1 for 4 months prior to initiation o f  the experiment . The hybrids had j ust attained 
50% production . Two groups of 15 hens of each strai n  received each treatment. 
3 The diets were fed during period 2 oEly. Diet 4 was fed during period 1.  
4 Data followed by similar let ters were not statistically differ ent at the 1%  level of significance. 
� 
-....J 
It was observed that egg production was approximately 10 
percentage points less for the hybrids fed the basal diet supple­
mented with methionine, lysine and tryptophan than was obtained 
from similar hens fed a typical 16% protein layer diet. It was 
also evident that the 9. 4 percent protein diet was inadequate 
for all criteria except egg quality. When methionine was added 
at 0. 15 percent of the diet, hen-day egg production, egg weight 
and feed utilization were improved. Haugh unit measurements were 
not affected. 
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Further supplementation with lysine, tryptophan and isoleucine 
resulted in an apparent increase in production although egg weights 
and feed utilization were unchanged. Isoleucine was believed to 
be without effect or perhaps detrimental during period 2.  Indica­
tions of a detrimental effect could be explained on the basis that 
an imbalance occurred with the addition of isoleucine. Failure 
to obtain a consistent response to amino acid supplements and 
indications that the response was affected by the age and genetic 
strain of the hen suggested that it would be necessary to determine 
whether or not protein or amino ?Cids was deficient in the basal 
diet. 
Experiment 2 
The basal diet was supplemented with methionine, lysine and 
tryptophan and compared to an equivalent amount of these amino acids 
from protein. The substitution was made on a weight for weight basis 
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with glucose monohydrate so that the concentration of as many dietary 
components as possible remained the same. Also, when a dietary ef­
fect was obtained, it could be attributed to either protein , factors 
associated with protein , amino acids or the absence of glucose , � �­
The assumption was made that any response would be due only to the 
amino acids supplied by the supplemental protein. 
DL-methionine, L-lysine and DL-tryptophan were added to 
provide 125 percent of the standard of Johnson and Fisher (1958). 
They were added to supply 0.500, 0. 625 and 0. 150 percent, res­
pectively, for any diet which contained less than the standard 
v alues. Methionine was calculated as the sum of_ methionine plus 
cystine for all diets and for the standard . Each was calculated 
separately to insure a proper level of methionine as well as total 
sulfur amino- acids. 
The protein sources tested included dehulled soybean meal, 
isolated soybean protein and # 2  ground yellow corn. The soybean 
materials were fed at levels to supply three and six percent protein 
equivalents. As each test material was added at the expense of 
glucose monohydrate, the amount of material added could not exceed 
the level to supply three percent equivalents of protein only. The 
substitutions were made on an air dry basis. 
The results of the second experiment as shown by hen-day egg 
production are given in summary in Table 7. It is evident that 
the additional protein substituted for glucose monohydrate did not 
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promote a consistent improvement in egg production. Although 
hen-day egg production from replicate groups varied from 54 to 65 
percent for the hybrid strain during the ten-month trial , the 
variation was not attributed to diets. Average production for the 
SCWL strain varied from 64 to 72 percent. 
It was evident for most of the criteria that performance 
was not affected by diet but was affected by strain. The dif­
ference in performance between the strains was apparent when 
production was expressed in terms of replicate pens, dietary 
treatment or an average of all birds of a common strain. The 
effect of strain was large and consistent when expressed in terms 
of hen-day production. For the commercial hybrids , egg production 
was consistently low, although most replicate groups exceeded 
70 percent for at- least one month. 
the SCWL strain for all test diets. 
Prod�ction was improved for 
All groups exceeded 70 percent 
for at least one month and the group fed three percentage units 
of isolated soybean protein and the group fed the basal diet 
maintained production at 72 and 70 percent respectively . 
The results as they relate to weight of eggs produced are also 
given. These data have been adj usted for egg weight differences 
and are expressed as grams of egg per bird-day. The adj us ted 
data were less consistent than the percentage data. No difference 
was observed between diets for either strain. Production ranged 
from 30.9 to 40.5 gm/bird-day for the hybrids and 36.6 to 4 0.5 for 
the SCWL strain. The data indicate a trend toward lower pro­
duction at lower levels of protein for the hybrids only . This 
effect was not evident for the S CWL strain. 
The egg weight data are sununari zed in Table 7 and are given 
in Table 8 as an average by periods of four replicate groups for 
each diet and strain . The data are intended to show comparative 
values at specific times as well as trend characteristics for 
the two strains and six diets. An analysis of variance of the 
data and the subsequent use of Dunnett's test (Steel and Torrie, 
1960) showed that for the June-July data, the hybrid hens fed 
the basal diet produced smaller eggs than any other group. The 
effect was significant at the 0. 01 level . The effect was not 
observed for the SCWL strain ; however, average egg size was 
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six grams less foT this strain than for the hybrids. The smaller 
eggs were evident for all repli cate groups and for all treatments. 
Average . values for Haugh units are given in summary in Table 
7 .  The ave rage values for the hybrids ranged from 70 . 1  to 81. 3 
and 75.2 to 80.3 for the SCWL strain. Considerable variatioq was 
evident, but the variation was not attributed to strain or diet. 
Average body weights obtained at the end . of the trial are also 
given in Table 7. Average body weights were greater for the 
SCWL but were not affected by diet. 
Average hen-day feed consumption data were as shown in Table 
7 for each strain and diet . A greater feed intake and consequent 
TABLE 7 .  SUMMARY OF PRODUCTION, BODY WEIGHT, MORTALITY AND NUTRIENT INTAKE FOR STRAINS AND DIETS-EXP. 2 .  
Egg Body Average 2er hen 2er day Per doz. 
H. D. Haugh Death 
Production Wt . unit Wt . Gain Loss Feed Prot ME Meth M+C Lysine  Feed Pro t  
% gm . gm . . . kg . • gm . 
Hybrid Strain ( 4  groups of  13 hens each, per treatment ) 
Basal 1 58 . 2 
Soybean mea12 59. 8 
Soybean protein 2 58 . 6 
Yellow Corn2 58 . 3  
Soybean - meal 3 59. 1 
Soybean protein 3 61 . 3  
Average 59. 2 
33 . 8 
36. 9 
36 . 3 
36 . 0  
39. 0 
38 . 2  
36 . 4 
58 . 2 * - 76 1 .  73  100 
61 . 8  7 3  1 . 82 248 
61 . 4  7 3  1. 74 261 
61. 9 7 3  1 . 88 250 
62 . 5  75  1 . 89 235 
62. 0 7 3  2 . 03 415 
61 . 3 74 1 . 85 250 
S CWL S train (2 groups of 15 hens each per treatment ) 
Basal 1 70 . 6 
Soybean meal 2 65 . 2  
Soybean protein 2 72. 5 
Ye llow Corn 2 65 . 6  
Soybean meal 3 6 7. 2 
Soybean protein 3 66 . 5  
Average 66. 4 
38 . 5  55. 1 
36 . 4  55 . 2  
39. 6 54 . 9  
36 . 5  55 . 9  
36 . 4  5 4 . 7 
36. 8 55 . 5  
37. 4 55 . 2  
7 7  2. 11 554  
7 7  2 . 14 569 
76 1 . 97 4 2 7  
7 7  2 . 09 518 
7 6  1 . 97 45 7 
76 2 . 06 522  
7 7  2 . 09 508 
% gm . gm . kcal . gm .  gm . gm . 
2 3  93 9. 2 311 . 36 . 4 7 . 58 
19 91 1 1 . 3 298 . 32 . 4 6 . 5 6 
2 7  92 11 . 5  306 . 34 . 4 6 . 58 
31 89 11 . 3 290 . 31 . 44 . 56 
31  92  14. 2 2 97 . 2 9 . 4 7 . 7 5 
2 7  94 14 . 5  314 . 32 . 45 . 76 
26 92 12 . 0  303 . 32 . 4 6 . 63 
3 3  12 1 1 1 . 9 404 . 4 7 . 61 . 7 6 
33 108 13. 5 354 • 38 . 55 . • 6 7 
10 104 13 . 1  248 . 38 . 52 . 66 
2 3  105 13 . 4 346  . 38 . 5 3 . 66 
30 109 15 . 9  34 9 . 34 . 5 5 . 88 
43  100 14 . 8  3 34 . 35 . s o . 84 
29  108 13. 9 356 . 38 . 54 . 74 
* Significant ly different from the other dietary groups at the 0 . 01 level o f  significance .  
difference between strains was also highly significant . 
1 Basal contained 9. 4% protein . 
kg . 
1 . 9 
1 . 8  
1 . 9 
1 . 8  
1 . 9 
1 . 8 
1 .  9 
2. 1 
1 . 9 
1 . 6 
1 . 8  
1 . 8  
1. 8 
1 .  8 
The 
2 Test protein included at 3% protein equivalents to supply 12 . 4% protein, C-1 Assay protein, 
dehulled soybean meal and No . 2 yellow corn, respectively.  
3 Test protein included at 6% protein equivalents to supply 15. 4%  protein . 
4 M + C = methionine p lus cystine. 
gm 
182 
248 
2 41 
2 35 
2 78 
281 
2 44 
197 
2 37 
198 
229  
281 
2 7 7  
237 
U1 
N 
TABLE 8 .  THE EFFECT OF STRAIN ,  SOURCE OF PROTEIN AND LEVEL OF PROTEIN ON EGG WEIGHT FOR THREE 
PERIODS OF EXPERIMENT 2. 
Month of Trial 
3-4-5 6-7-8 9-10 
Diet SCWL Hybrid SCWL Hybrid SCWL Hybrid 
gm . gm . gm . gm . gm . gm 
Basa1 1 50 . 3a 58 . 2a 56 .2a 59 . 4a 58 . 8a 59 . 3a 
S oybean Meal2 5 1 . 2a 62 . 4b 56 . 8a 63 . 6b 5 7 . Sa 63 . 3b 
S oybean Pro tein2 51 . 3a 61 . 8b 56 . 8a 63 . 4b 5 7 . 2a 63 . 3b 
Yellow Corn2 5 2 . 3a 61 . 6b 5 7 . 7a 63 . 2b 58 . la 63 . 8b 
S oybean Mea1 3 50 . 9a 62 . 6b 56 . 3a 64 . 8b 56 . 6a 64 . 6b 
S oybean Protein3 5 2 . 4a 62 . lb 56.8a 63 . 9b 57 . 4a 64 .0b 
1 Basal contained 9 . 4%  pro tei n .  
2 Test protein included a t  3 %  pro tei n  equivalents t o  supply 12 . 4% protei n .  
3 Test pro tein included a t  6% pro tei n  equivalents t o  supply 15 . 4% pro tein. 
Ten Month Average 
S CWL Hybrid 
gm . gm . 
55 . la 58 . 2a 
55 . 2a 61 . 8b 
54 . 9 a  61 . 4b 
55 . 9 a  61 . 9b 
54 . 7a 62 . Sb 
5 5 . Sa 62 .0b 
4 Data with the same subscripts did not differ at  the 1%  _level o f  significance . 
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TABLE 9 .  A COMPARISON OF UTILIZATION EFFICIENCY FOR STRAINS AND DIETS USED IN EXPERIMENT 2 .  
S oybean S oybean Yellow S oybean Soybean 
Basal 1 Mea1 2 Protein2 Corn2 Mea l 3 Pro tein 3 Average 
SCWL Hyb . SCWL Hyb . SCWL Hyb . SCWL Hyb . SCWL Hyb . SCWL Hyb . S CWL Hyb . 
Amount Consumed Eer 100 
gm . of Egg 
Feed ( gm)  
ME (kca1) 4 
Protein ( gm) 
Calculated Percent 
Utili zed5 
Met plus cys . 
Lys ine 
Tryptophan 
Iso leucine 
Leucine 
Arginine 
His tidine 
Threonine 
Ph enylalanine 
Valine 
--
1 9 . 4% p ro tein . 
314 
10 50 
30 
42  
35 
28 
45 
39 
39 
37  
70 
45  
53 
275  263 253 
9 20 8 78 844 
26 33 3 1  
48 50 52 
50 4 1  43 
32 33 34 
50 39 41 
45 37 39 
44 3 2  34 
4 2  3 2  33 
80 58 60 
51 41  4 2  
6 0  4 7  49 
289 246 29 7 246 298 246  298 
946  80 7 9 73 80 7 9 60 81 7  9 9 6  
3 6  3 1  3 7  3 1  46  39 46 
46  54  45  54  44  52  44  
38 4 5  37  45  38 33 28 
30 35 28 2 7  25 31 28 
38 45 36 44 29 34 2 7  
3 1  36 33 40 2 7  32  27  
33 39 30 36 24  28 20 
31 37 29 35 23 2 7  2 2  
53 6 2  53 6 2  39 46 39 
45 45 53 36 44 29 34 
44 51 4 2  50 33 39 33 
2 9 . 4% p rotein  from b asal plus 3 percentage equivalents from the tes t pro tein . 
3 9 . 4% protein from bas al plus 6 percentage equivalents from the tes t protein . 
4 kcal . o f  Metab oli zab le E.nergy. 
246 293 
821  9 6 7 
38 38 
5 4  4 5  
34 35 
32  28 
33  36 
33 3 2  
2 4  30 
2 7  29 
4 7  5 2  
29 35 . 
40 4 2  
5 Calcula ted value for the percentage o f  inges ted protein used for synthesis  o f  egg pro tein . 
2 53 
836 
33 
52  
40  
32  
4 1  
3 7  
3 4  
33 
60 
38 
48 
amino acid intake was evident for the SCWL but was not affected 
by diet. The hybrid strain constnned an average of 40 gm less 
feed per 100 gm of egg produced than the SCWL strain. 
"Feed consumed per egg" ratios are given in Table 9 along 
with calculated values for percent of amino acid intake used for 
synthesis of egg protein. The percent of amino acids calculated 
for synthesis of egg protein indicate that either irethionine 
plus cystine or threonine could have been first limiting in the 
basal diet. Valine and threonine were also considered border 
line. The remaining amino acids should have been present in 
the diet in adequate amounts for tissue synthesis as well as 
the production of egg protein. Production was not improved 
by any of the protein supplements and consequent increase in 
threonine and vaiine, therefore these amino acids were probably 
adequate in the basal diet . 
Experiment 3 
The results for Experiment 3 are given in separate tables 
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and summarized in Table 1 3 .  Hen-day egg production for -each treat­
ment group of four replicates with fourt•een hens per replicate is 
given in Table 10 for each period of the trial. Analysis of 
variance data are given at the bottom of each table for all perti­
nent data . 
It was evident from the data that considerable variation 
existed between hens treated alike. The average rate of egg 
5 6  
production varied  approximately ten percentage units between rep­
licate groups of birds for the 10-month data. According to an 
analysis of variance and subsequent Dunnett test (Steel and Torrie , 
1960) a difference of 11 to 1 2  percentage units between the control 
and treatment groups for the Hay-June data would be required to 
show a difference at the 1 %  level of significance. Highly signif­
icant differences were observe d between the control and diets 
containing 3 percentage equivalents of protein from corn, wheat or 
barley. Despite the numerical size difference required, differ­
ences were consistently shown for these diets for the first two 
periods and for the 10-month average. Variations appeared to be 
greater during the last five 100nths , although this was not shown 
by the error mean square . No significant differences were ob­
served for the egg production data during the last five months of 
the trial. Hens consuming the least cost diets performed as well 
as the hens fed the basal for all periods. A trend toward in­
creased production by the hens fed the least-cost corn diet was 
observed, but this trend was small and not consistent. 
Egg weight data are given in Table 11 for each replicate 
group . Except for the first month and the 10-month average where 
egg size may have been reduced for the hens fed the least-cost 
milo diet , no significant differences or important trends were 
observed .  
Feed consumption data are given in Table 12. I t  is apparent 
that fee d  intake by the hens fed the diet containing oats was less 
than for hens fed the other diets. Except for the f irst period, 
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feed intake by hens fed the diet containing oats was less ( P  < 0 . 01) 
than for the control basal diet. These birds consumed less feed than 
any other treatment group with the possible exception of the group 
fed the barley diet. 
Eggshell thickness , Haugh unit values, protein and amino 
acid intake, mortality and body weights are given in summary in 
Table 13. The effects of diet on egg quality, Haugh unit and shell 
thickness, were inconsistent and not significant. No trends or 
other important indications of a dietary effect were observed · for 
any of the criteria studied except as related to feed intake as 
was expected. Differences in protein content were reflected in 
protein intake data. Mortality and body weight at the end of the 
ten-month trial were not affected by the diet . Trends toward 
increased body weight were observed for the hens fed the diets con­
taining either com, wheat, milo or soybean meal. Average body 
weight at the end of the experiment had increased for all groups 
by at least 200 grams during the preceeding ten months . 
Average amino acid intake for hens fed each diet is given 
in Table 14. The data were calculated from feed intake records 
and average composition tables of Merck (1961) . 
T ABLE 10. AVERAGE HEN-DAY EGG PRODUCTION DURING FOUR PERIODS OF EXPERIMENT 3. 
Treatment September-November December-February March-June May-June Ten-Month Average 
% % % % % 
Basal (9. 4% protein) 63. 7 57. 6 54. 4 49. 0 58. 1 
Corn 1 74. o** 6 7. 6** 55. 1 48. 7 6 5. o**  
Milo 1 7 1. 4* 64. 3  55. 7 54. 4 62.9* 
Spring Wheat 1 75. 4** 70.9** 59 . 8  52.9 6 7. 8** 
1 Barley . 74. 4** 6 6. 8** 58.0 55.2  6 5. 5** 
Oats 1 69. 7 63. 1 48. 4 46. 4  59. 2 
Soybean Meal 1 71.3* 6 7. 3** 58.9 52. 6 65. I ** 
Least-cost Corn2 6 1.0  65.2* 58. 7 53. 7 6 1 . 4  
Least-cost Milo2 59. 2  58. 7 57  . o  53. 7 58. 1 
1 Added to basal diet by substitution for glucose monohydrate to supply 3% equivalents of protein. 
2 Calculated least-cost diets with maximum corn or milo and 12% protein. 
* Sig nificantly different than basal (P < 0.05) ** Significantly different than basal (P < 0.0 1) 
Analisis of variance 
September-November March-June 
source df ss MS "F" source df s s  MS "F" 
treatment 8 1 180. 99 147. 62 6. 455** treatment 8 382. 30 47. 79 1. 944 
error 27  6 1 7.46 22. 87  error 27  6 63 . 50 24. 5 7  
Dunnett 's  Test (0.05 = 6. 74) (0. 01  = 8.00) Dunnett ' s  Test (0. 05 = 7. 0) (0. 0 1  = 8.3) 
D ecember-February 
3 . 1 1 6* 
Ten-month average 
3. 516** treatment 8 599. 48 74. 9 35 treatment 8 402. 35 50. 29 
error 27  649. 24 24. 05 error 2 7  386.22 14.30 
Dunnett's Test (0.05 = 6.9) (0 . 0 1  = 8.2) Dunnett ' s Test (0.05 = 5.3) (0. 0 1  = 6. 3) 
V1 
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TABLE 11. AVERAGE WEIGHT OF EGGS PRODUCED DURING FOUR PERIODS 
Treatment Se£tember-November 
gm 
Basal (9. 4% protein )  53. 2 
Corn 1 
Milo 1 
Spring Wheat 1 
Barley 1 
Oats 1 
Soybean Meal 1 
Least-cist Corn2 
53. 8 
5 3 . 0 
53. 6 
52. 7 
53. 9 
54 . 1  
53. 4 
Least-cost Milo2 51. 9 
December-February March-June 
gm gm 
60. 5 62. 5 
60. 7 63. 0 
59. 7 61. 2 
59. 6 61. 5 
59. 3 61.6 
61. 0 62. 8 
60. 7 62. 7 
61. 1 62. 3 
59. 6 60. 9 
OF EXPERIMENT 3. 
May-June Ten-Month Average 
gm gm 
62. 6 59. 1 
63. 2 59. 6 
61.4 58. 3 
61. 3 58. 6 
61. 6 58 . 3  
62. 5 59. 6 
62. 5 59. 5 
62. 3 59. 3 
61 . 3  57. 8 
1 Added to basal diet by substitution for glucose monohydrate to supp ly 3% equivalents of  protein . 
2 Calculated least-cost diets with maximtnn corn or  milo and 12% p rotein. 
� Significantly different than basal (P < 0. 05) ** Significantly different than basal (P < 0. 01) 
September-November 
source df 
treatment 8 
error 2 7  
Dunnett's test 
December-February 
treatment 8 
error 2 7  
Dunnett's test 
Analysis o f  variance 
ss MS "F" 
20. 839 2. 61 1. 4 7  
4 7. 7 78 1 .  7 7  
(0. 05 = 1 . 88)  (0. 01 = 2. 2 3 )  
18. 94 2. 37  1. 24  
51. 36 1. 90 
(0 . 05 = 1 . 94 )  (0. 01 = 2. 31)  
March-June 
source df 
treatment 8 
error 2 7  
Dunnett ' s  test 
Ten-month Average 
treatment 8 
error 2 7  
Dunnett ' s  test 
ss MS " F" 
18. 05 2. 26  1. 08 
56. 26 2. 08 
(0. 05 = 2.03) (0. 01 = 2. 4 2 ) 
16. 18 2. 02 1. 29 
42. 13 1. 56 
(0. 05 = 1. 7 4 )  (0. 01 = 2. 06) 
Vt 
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TABLE 12. AVERAGE HEN-DAY FEED CONSUMPTION DURING FOUR PERIODS OF EXPERIMENT 3. 
Treatment SeEtember-November 
gm 
Basal (9. 4% protein ) 9 7. 4  
Corn l 
Milo l 
'Wheat l 
Barley l 
Oats l 
Soybean Meal l 
Leas t-cos t Corn2  
98. 4  
9 7. 2  
9 7. 2  
94. 4 
91. 6 
96. 7 
9 7. 5  
December-Feb ruary 
gm 
112. 0 
109. 1 
110. 8 
107. 7 
102. 4*  
95. 8** 
113. 9: 
115 . 7 
Leas t-cos t Milo2 93. 4  115. 2 
March-June 
gm 
110. 6 
102. 9 
105. 1 
100. 3 
101. 7 
8 7. 4** 
109. 6 
101. 6 
111. 9 
May-June Ten-Month Average 
gm 
98. 7 
9 7. 0  
9 6. 2  
94. 7 
9 9. 4  
7 9 . 5** 
9 7. 5  
101 . 8 
gm 
106. 7 
10 3. 4 
104. 4 
101. 7 
9 9. 5* 
91. 6** 
104. 1 
107. 8 
106. 8 
1 Added to basal diet by - s ubsti tution for g lucose monohydrate to supply 3% equivalents  
2 Calculated least-cost  diets wi th maximum corn or milo and 12% in protein. 
o f  protein. 
* Significantly di fferent than basal (P < 0. 05 ) ** Significantly different than bas al (P < O. 01 ) 
Sep tember-November 
source df 
treatment 8 
error 2 7  
Dunnett's test  
December-February 
treatment 8 
error 2 7  
Dunnett's tes t 
Analysis of  variance 
SS MS "F" 
0. 688 168. 8 21. 10 
82 8. 1 30. 67  
(0. 05 = · 7 . 8 ) ( 0. 01 = 9. 3 )  
1363. 5  170. 4  3. 70* 
1242. 3 46. 01 
( 0 . 05 = 9. 6 )  ( 0. 01 = 11. 4 ) 
March-June 
source df 
treatment 8 
error 2 7  
Dunne tt ' s  tes t 
Ten-Month Average 
treatment 8 
error 2 7  
Dunne tt ' s  test  
§_§__ MS 
3615. 2 451. 9 
3718. 4  137. 7 
"F" 
3. 2 81* 
( 0. 05 = 19. 7 )  ( 0. 01 = 16. 5 )  
7 94 . 0 99. 2 4. 747*  
564 . 0  2 0. 0  
( 0. 05 = 6 . 4 ) ( 0. 01 = 7. 6 )  0\ 0 
TABLE 13 . SUMMARY OF PRODUCTION, NUTRIENT INTAKE AND OTHER DATA, EXPERIMENT 3 .  
Hen-Day 
Egg 
Treatment Production 
Egg S hell 
Wt . Thickness 
gm .  mm . 
Basa1 1 58 . 1  59 . 1  3 . 3  
Yellow Corn 65 .0** 59 . 6  3 . 3 
Milo 6 2 . 9 * 58 . 3  3 . 2  
Spring Wheat 6 7 . 8** 58 . 6  3 . 2 
Barley 65 . 5** 58 . '3 3 . 2  
Oats 59 . 2 59 . 6  3 . 2 
Soybean Meal 6 5 . 1** 59 . 5  3 . 3  
Leas t-Cost 61 . 4  59 . 5  3 . 4 
Corn2 
Least-Cost 
Milo 2 
58 . 1  57 . 8,H 3 . 3  
Haugh 
Units 
79  
78 
77 
7 7  
78 
7 8  
7 6  
79 
79 
Feed 
gm . 
Amount/Hen-Day 
Prot . Lys . Meth . 
gm . mg . mg . 
M+C 
mg . 
Amount per 
100 gm .  egg Body Death 
Feed Pra t . Wt . Los s  
gm . mg . kg . % 
107 10 . 0  6 6 7  3 7 3  534  3 11 
103 12 . 8  647  287 51 7 265 
104 1 3 . 0  6 5 2  310 5 2 2 283 
10 2 12 . 6  636 305 508 256 
100* 1 2 . 3  622 272 49 6 261  
29 . 2 1 .  73 10 
3 2 . 9  1 . 84 13  
35 . 1  1 . 89 11 
31 . 7  1 . 88 8 
3 2 . 4  1 . 80 1 3  
9 2**  1 1 . 3  5 73 2 70 458 
104 1 2 . 9  
108 1 2 . 9  
651  
6 74 
10 7 1 2 . 8  668 
317  5 20 
3 23 5 39 
288 535 
260 
183 
295 
318 
3 2 . 2  1 . 79 9 
22 . 7 1 . 88 9 
36 . 6  1 . 7 3 8 
39 . 4  1 . 68  1 3  
* 
Significantly different than the basal (P  < 0 .05) . 
�* " Significantly different than the basal ( P  < 0 . 01) . 
1 Basal diet was 9 . 4% protein with methionine, lysine, tryptophan and isoleucine added to supply 
standard levels . Feedstuffs were added to supply 3 percentage equivalents o f  protein to r eplace 
an equal amount of  glucose monohydrate and amino acids were recalculated and made to  standard levels . 
2 Least-Cost die ts were formulated by computer by reducing the price of' either corn o r  milo . 
°' 
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TABLE 14 :  AVERAGE DAILY INTAKE OF AMINO ACID DURING TEN MONTHS OF EXPERIMENT 3. 
Treatment Arg. Lys. Met. M + c3 Tr:e . Ile. Leu 
mg. . mg. . mg. mg. mg. mg. mg. 
Basal (9. 4% prot. ) 680 670 374 534 160 667 958 
Cotn1 834 646 2 88 517 155 646 13 12 
Milo1 790 652 310 52 2  157 653 1 376 
Spring Wheat1 789 636 305 509 153 636 1 101 
Barley1 741 62 2 2 72 586 149 622 1035 
Oats1 767 573 270  458 137  5 7 3  1029 
Soybean Meal1 902 651 318 52 1  156 651 1 1 71 
Least-Cost Corn2 675 674 323 539 162 674 1259 
Least-Cost Milo2 528 668 2 80 535 160 668 1403 
Val. Thr. 
mg. mg. 
509 509 
659 5 32 
664 51 7 
609 4 78  
584 460 
593 455 
546 528 
652 52 7 
664 464 
1 Basal diet was 9. 4%  protein with methionine, lysine, tryptophan and isoleucine added to supply 
standard levels. Feedstuffs were added to supply 3 percentage equivalents of protein to replace 
Gly. 
mg. 
560 
52 8 
553 
495 
490 
501 
606 
515 
537  
an equal amount of  glucose monohydrate and amino acids were recalculated and made to  standard levels. 
2 Least-cost diets were formulated by computer by reducing the price of either corn or milo .  
3 M +  C refers to methionine plus cystine. 
Expe riment 4 
The results of the fourth experiment are given in a manner 
similar to that used for expe riment three. Modifications in the 
basal diet were the addition of 0.05 percent methionine (+meth. ) ,  
0.3 percent nf-180, 0.1 percent 3-Nitro-4-hydroxyphenylarsenic 
acid ( 3-Nitro) , 3 and 6 percentage equivalents of protein from 
6 3  
a 60:40 ratio of corn and soybean meal (3% corn-soy) (6% corn-soy),  
3 percentage equivalents of  protein from either hydrolyzed feather 
meal (feather meal), fish meal, or meat and bone scraps. The basal 
diet was also fed at 0 . 575 percent lysine (-Lysine ) instead of 
0.625 percent. All diets except the +meth. and -Lysine were cal­
culated to be equal in methionine, lysine and tryptophan content. 
DeKalb 131 pullets we re distributed at random in groups of twenty 
four to supply two replicate groups per treatment. Three hens were 
placed in each 12-inch cage. A complete procedure is given in 
Appendix 3. 
The results of the trial as related to egg production are 
given in Table 15. Consistent differences which were highly - signifi­
cant were observed for the -Lysine, 3 Nitro, fish meal and 6% corn­
soy diets. Decreases were observed for the former two and increases 
were observed for the latter two diets. For the 10-month average 
the data were essentially the same except that a significant in­
crease was also observed for 3% corn-soy. Differences during the 
last period, May-July, due to supplements of nf-180, +meth. , feather 
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meal and meat and bone scraps may have . been due to a reduced produc­
tion in groups fed the basal diet . Egg production was affected 
during the trial as early as the fourth month of production for 
the groups fed nf-180, -Lysine, 3 Nitro and feather meal die ts. The 
trend for reduced production continued for the duration of the trial 
although the effect of the feather meal diet decreased with time 
as compared to groups fed the basal diet. The apparent detrimental 
effect of nf-180 disappeared after the first period. 
Egg weight data are shown in Table 16. It was evident that 
egg weights increased as the hens became older ; however , no ef fect 
of diet on egg weight was observed . Eggs produced by one group of 
hens fed the 3 %  corn-soybea� diet were approxi�ately one gram 
heavier than for any other group during any selected period ; how­
ever, only one of the two replicate groups produced larger eggs . 
Feed intake- data are shown in Table 17 . It was apparent that 
feed intake was similar for all groups except those fed the fish 
meal diet . . Feed intake was greater (P < 0. 01) for this group than 
for those fed the basal diet for all periods except the first one .  
Feed in t. ake was reduced for the hens fed the 3-Ni tro diet (P < 0 .  01) 
only during the February-April• period . 
The re mainder of the data presented are given in summary in 
Table 18. Egg quality as measured by Haugh units and egg weight 
were not affected by any of the diets. A trend towards larger egg 
size was observed for the hens fed the 9 . 4  percent protein +3-nitro 
diet as well as the 12. 4 and 15 . 4  percent protein fish meal and 6% 
TABLE 15 . AVERAGE HEN-DAY EGG PRODUCTION DURING THREE PERIODS OF EXPERIMENT 4 ,  
Treatment November-Januari February-April May-July Ten-Month Average 
Basal (9 . 4%  protein) 1 69 . 2  
+ . 05 %  Methionine 66 . 3 
- . OS %  Lysine 52 . 8** 
nf-180 5 6 . 0** 
3 Nitro 59 . 5** 
Corn-Soy ( 3%)2 72 . 6 
Corn-Soy (6%) 2 70 . 0  
Feather Meal ( 3%)2 59 . 6** 
Fish Meal ( 3%)2 6 6 . 7 
Meat and Bone S craps (3%)2 70 . 4 
% % 
5 7 . 9  4 3 . 2  5 6 . 8 
60 . 7 5 1 . 8*  5 9 . 6  
42 . 7 _** 2 9 . 6** 4 1 .  7** 
5 7 . 4  5 3 . 2** 55 . 5  
3 9 .  6 )'o\ 2 8 . 0** 4 2 . 4** 
61 . 9 5 5 .  3)'(* 6 3 . 3* 
66 . 6 58 . 8** 65 . 1** 
59 . 9  5 2 . 0* 5 7 . 2  
7 0 . 5** 61 . 7** 6 6 . 3** 
62 . 3  50 . 4*  61 . 0  
1 Basal contained added methionine , lys ine and tryptophan to 125%  of  the s t andard (Johnson and Fisher 
1958 ) . 
2 Pro tein supp lements were made by adding the feeds tuff to supply 3 or 6% equivalents  of  p rotein , 
removing equal amount of cerelose and adj usting levels of  methionine , lysine and tryptophan to  the 
s tandard level . 
* Significantly different than basal (P < 0 . 05 ) ** Significantly different  than basal (P < 0 . 01)  
Analysis of  Variance 
November-January 
source � 2-L _tlL 
treatment 9 781 . 61 8 6 . 846 
error 10 52 . 165 5 , 3165 
"F" 
16 . 648** 
Dunnett ' s  tes t ( 0 . 05  = 3 . 48 )  ( 0 . 01 = 4 . 61)  
February-Apri l  
treatment 9 1 7 16 . 61 190 , 7 3  2 0 . 4 2** 
error 10 204 . 24  9 . 34 
Dunne t t ' s tes t ( 0 . 0 5 === 6 • 9 )  ( 0 . 01 � 9 . l )  
May-July 
source df 
t reatment 9 
error 10 
Dunnet t ' s  tes t 
Ten-month Average , 
treatment 9 
error 10 
Dunnett ' s  tes t 
§.L.. MS "F" 
2 005 . 90 2 2 2 . 8 7 7  15 . 664** 
142 . 2 9 14 . 22 9  
( 0 . 05 = 5 . 8 ) ( 0 . 01 � 7 . 6 ) 
1 2 6 7 . 94 
9 0 . 8 9  
( 0 . 05 = 4 . 6 ) 
140 . 882 18 . 1 78** 
9 . 089 
( 0 . 01 C 6 , 1) 
0\ 
V1 
TABLE 16. AVERAGE WE IGHT OF EGGS PRODUCED DURING THREE -PERIODS OF EXPERIMENT :4 .  
Treatment November-January February-A:eri l  May-July Ten-Month Average 
gm gm gm gm 
Basal (9. 4% protein) 1 50. 2 5 7. 9 59.7 55. 9 
+ .05% Methionine 49 , 9 59 • .3 59.6 55.6  
.05% Lysine 50. 5 58. 9 61. 2* 56. 9 
nf-180 5 1.0 58.4 60. 7 56. 7 
3 Nitro 51. 2 5 7. 4  61. 7**  56. 7 
Corn-S9y ( 3%) 2 50. 4 58. 4 62.0** 5 7. 5** 
Corn-Soy ( 6%) 2 · 50. 4 60. 1** 62. 5** 5 7 _ 9 ** 
Feather Meal ( 3%) 2 51. 2 59. 3 62.0** 56. 6  
Fish Meal ( 3%) 2 50. 6 59 .6* 61.8** 57. 4** 
Meat and Bone Scraps ( 3%) 2 50. 6 58. 6 6 1.0ic 56. 7 
1 Basal contained added methionine, lysine and tryptophan to 1 25% of the standard ( Johnson and 
Fisher 19 58) . 
2 Protein supplements were made by - adding the feedstuff to supply 3 or 6% equivalents of  protein, 
removing equal amount of cerelose and adjusting levels of  methionine, lysine and tryptophan to the 
standard level. 
* Significantly different than basal (P < 0.05) ** Significantly different than basal (P < 0.01 )  
Analysis of V�riance 
Novemb er-January 
source df 
treatment 9 
error 10 
Dunnett 's Test 
ss  
3. 685 
4. 105 
(0.05 
MS 
0. 409 3 
0 . ·4 105 
= 0 .  9 8) 
February-April 
treatment 9 1 5. 720 1. 747 
10 7. 9 10 0. 7 9 1  
"F" 
0. 9 9 7 2  
(0.01 = 1. 29 )  
2 . 208** 
error 
Dunnett'  s Test (0.05 = 1. 36) (0.01 = 1. 7 9 )  
May-July 
source 
treatment 
df 
9 
10 error 
Dunnett ' s  Test 
Ten-month Average  
treatment 9 
error 10 
Dunnett ' s  Test 
ss  MS "F" 
1 5.862 1. 762 2. 7 19** 
6. 48 0. 648 
(O. 05 = 1. 2 3) (0.01 = 1. 62) 
8. 462 0. 940 1. 9 5 1  
4. 820 0. 482 
(0.05 = 1.06) (0.01 = 1 .40) 
TABLE 1 7. AVERAGE DAILY FEED INTAKE DURING THREE PERIODS OF EXPERIMENT 4. 
Treatment 
Basal (9. 4% prot ein) l .  
+ . 05% Methionine 
- . 05% Lysine 
nf-180 
3 Nitro 
November-January 
gm 
87. 6 
85. 9 
90. 2 
90. 3 
89. 1 
96. 7** 
96. 5*,'( 
87. 5 
February-April 
gm 
100. 8 
102. 1 
102. 8 
May-July T en-Month Average 
gm gm 
98. 4 95. 6 
101. 3 96. 4 
9 9. 5 97. 5 
104. 3 98. 6 
99. 3  9 1. 9  
101. 6 99. 8 
105. 1 101. 4 
103. 4 96. 4 
Corn-Soy· ( 3%) 2 
Corn-Soy ( 6%) 2 
Feather Meal (3%) 2 
Fish Meal (3%) 2 96 . 2 *-!c 
92. 8 
8 7. 5** 
101. 0 
: 102. 6 
98. 4 
106. 8 111. 6 104. 9** 
Meat and Bone Scraps (3%) 2 98. 7** 99. 3 101. 3 99. 8 
1 Basal contained added methionine, lysine and tryptophan to 125%  o f  the standard (Johnson and 
Fisher 1958) 
2 Prot ein supplements were made by adding the feedstuff  to supply 3 or 6% equivalents of protein, 
removing equal amount o f  cerelose and adj usting levels o f  methionine, lysine and tryp tophan to the 
standard level. 
* Significant ly different than basal (P < 0. 05 ) ** significantly different than basal (P < 0. 01 ) 
Analysis of  Variance 
Novemb er-January May-July 
source df  ss MS "F" source d f  s s  MS "F" 
treatment 9 392. 19 43. 58 5 . 15 ,'c* treatment 9 35 7. 85 3 9 . 7 1  1. 2 9  
error 10 84. 61  8. 46  error 10 309. 2 0 30. 92 
Dunnett ' s  Test (0. 05 = 4. 71)  ( 0. 01 = 6. 2 2 )  Dunnet t 's Test ( 0. 05 = 8. 5)  ( 0. 0 1  = 1 1. 2 )  
February-April Ten-month Average 
treatment 9 554. 43 61. 60 2. 16** treatment 9 236. 99  2 6. 33 1. 4 8  
error 10 285. 25  28. 53 error 10 178. 40 1 7. 84 
Dunne t t 's Test (0. 05 = 8. 2 )  (0. 01 = 10. *) Dunnett 's Test (0. 05 = 6. 45 )  (0. 01 = 8. 5 2 )  
TABLE 1 8 .  SUMMARY OF PRODUCTION , NUTRIENT I NTAKE , AND OTHER DATA COLLECTED DURING EXPERIMENT 4 .  
Hen- Day Amount per  
Egg Egg Sh el l H augh Amount/Hen/Day Meth . 1 00 gm Egg Body Death 
Treatment Producti on We i gh t  Thi cknes s uni ts Feed Pro t . Lys . Meth . Cys . Feed  Prot . Wei gh t  Los s 
� gm mm gm gm mg  mg mg gm gm k g  � 
Bas al 56 . 8  55 . 9  3 . 4  80 96  ·8 . 9  5 9 8  335 4 7 8  30 2 2 8 . 4  1 . 9 2  2 2  
+ . O S% Meth ! 59 . 6  55 . 6  3 . 3  80 9 6  9 . 0 603 386 5 30 2 89 2 7 . 2  1 . 0 1  20 
- . 0 5% Lys . 1 4 1 . 7 * *  56 . 9  3 . 4  79 9 8  9 . 1  560  34 1 4 8 8  4 1 3 38 . 8  1 . 9 8  3 1  
nf- 1 80 2  55 . 5  56 . 9  3 . 4  79 96 9 . 0 600 336 4 80 30 3 2 8 . 5  1 . 8 5 20  
3- Ni tro . 3 4 2 . 4 * *  56 . 7 3 . 3 8 1  9 2  8 . 5  5 74 32 2 460 3 8 2  35 . 9  1 .  86 31  
Corn- Soy . ( 3%) 46 3 . 3* 5 7 .  S* *  3 . 4  80 100  1 2 . 3  6 2 4  299 499 274  25 . 8  1 . 9 3  8 
Corn-Soy . (6% ) 465 . 1 ** 5 7 . 9 ** 3 . 4  8 1  10 1 1 5 . 6  740 304 5 2 7  267  25 . 1  2 . 0 1  16  
Feath er Meal 5 7 . 2  56 . 6  3 . 3 80 9 6  1 1 . 9  60 3 296 4 8 2  296 2 7 . 8  1 . 9 1  1 6  
Fish Mea l  66 . 3 * *  5 7 . 4 ** 3 . 3 79 1 0 5  1 3 . 0  6 82 336 5 2 5  2 75 2 5 . 9  2 . 0 2  20 
Meat & Bone 6 1 . 0  56 . 7 3 . 3 78  100  1 2 . 3  6 25 3 19  499 289 2 7 . 2  1 . 84 1 3  
S craEs 
* S i gni fi cant ly di fferent than the bas a l  (P < 0 . 0 5) . 
* *  S igni fi cant ly di fferent than th e b as al (P < 0 . 0 1 ) . 
1 P lus or minus refers to change from the b as al diet . 
2 Furazol i done 
3 3-Nitro- 4-hydroxypheny l ars enic  aci d .  
4 Contains 9 . 4% protein equivalents from the b as al and 3 . 0 or 6%  protein equiva l ents from a 60 : 40 
mixture of  corn and Soybean Mea l . 
TABLE 19 : AVERAGE DAILY INTAKE OF AMINO ACIDS DURING THE SECOND PERIOD OF EXPERIMENT 4. 
Supplement 
to 
Basal, Diet 1 Arg. Lys . Met. M + C Trp . Leu. Ile. Phe. Thr. 
mg . mg. mg. mg . . mg. mg. mg. mg . mg . 
Basal 642 630 353 504 150 905 450 2 5 6  390 
+. 05% Meth. 2 650 638 408 562 151 917 455 255  395 
- . 05% Lysine 3 655 591 360 514 152  92 3 458 2 5 7  398 
nf-180 591: 5 75 322 461  140 833 414 232 35 9 
3-Nitro 557  546  306 438 131 786 390 219 339 
Corn-Soy 3% 4 849 631 303 505 150 1192 606 525  515  
Corn-Soy 6%  5 1067 749 308 523  205 1508 7 70 800 656  
Feather 3% 4 767  615 295 492 148 1043 531 344 482 
Fish Meal 861 694 342 534 160 1185 630 395 545 
Meat & Bone 804 621 318 497 150 1053 5 2 6  338 4 6 7  
Scraps 3% 4 
1 Excep t as indicated, all diets  were made equal in methionine, lysine and tryptophan. 
2 Contains 0. 550 percent o f  total sulfur amino acids ins tead o f  0. 050. 
3 Contains 0 . 5 75 percent o f  lysine ins tead o f  0. 625 . 
Val. 
mg. 
481 
48 7 
490 
443 
417 
636 
800 
630 
705 
596 
4 Contains 9. 4 percent protein equivalents  from the bas al and 3. 0 from the tes t feeds tuff. 
5 Contains 9. 4 percent protein equivalents from the basal and u . O from the tes t  f eeds tuff. 
Gly. 
mg. 
425  
431  
434 
392 
;369 
566  
708 
581 
6 73  
784 
°' 
TABLE 20. AVERAGE DAILY INTAKE OF PROTEIN AND AMINO ACIDS DURING EXPERIMENT 4. 
Meth+ 
Protein Arg Lys Me th Cys TrYI� His Leu Isol Phen  Thre Val Gly 
C'tffi 
656 5�5 3�3 4o/6 1f4 2f1 834 4�4 zj3 3g3 434 461 Basal 8� 94  
+ 0 .05% Meth 9 .06 614  603 386 5 30 117  217 866 4 30 241  3 7 3  460 407 
- 0 .05% Lys 9 . 1 7  6 21 561 341 488 118 220 876  4 35 244 3 78 4 66  412  
nf-180 9 .02 611  600 335 480 116  216 86 2  4 28 240 3 7 2  4 58 405 
3 Nitro 8 . 6 4  586 5 74  3 2 2  4 60 111 207 825 410 230 356 4 39 388 
Corn-Soy ( 3%)  1 2 . 28 83 2 619 29 7 49 5 159 29 7 1168 59 4 515 505 6 24 55 5 
Corn-Soy (6%)  15 . 6 4 1056 74 2 31 5 528 203 3 7 6  149 3 7 6 2  79 3 6 50 79 2 701 
Feather Meal ( 3%) 11 . 98 751 603 288 482 145 231 102 2  5 21 · 3 38 4 7 3  6 1 7  569  
Fish Meal ( 3%) 13 .06 849 685 316 5 27 15 7 316  1169  6 22 390 538 69 6 6 64  
Meat and Bone 1 2 . 37 808 6 23 309 499 140 269  1057  5 29 3 39 4 69 598 788 
S craps ( 3%) 
DUNNETT ' S  TEST 
5% level 2 . 26 50 . 9  4 1 . 4  24 . 3  3 2 . 4  9 . 6 1 7 . 9  71. 2 35 . 9  2 79  29 . 8 38 . 1  35 . 6  
1% level 2. 99 6 7. 2 54. 7 3 2. 1  4 2. 8  1 2. 6 23. 7 9 4.0 4 7 . 5 369  39 . 4  50. 4 4 7. 1 
com-soy die ts.  The di fferences were small and vari able b etween 
replicates and periods . If a di fference was present ,  thes e vari­
ations may have masked the true effect. 
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Protein and amino acid intake per day for period 2 and for the 
10-month average are given in Tables  19 and 20. Intake per day 
was relate d to feed intake and amount of protein in the diet. 
Feed intake was not the s ame for all diets and dif ferent p rotein 
levels were used . Thus , the amount of protein consumed per day 
by any group would have been affected by these factors.  Mort ality 
and body weight were not affected by diet. 
Expe riment 5 
The fifth trial of the series involving low protein die ts  
for laying hens employed a completely randomized des i gn wi th 
factorial arrangement of treatments. The treatments employed 
�ncluded supplements to the b as al diet containing 125 pe rcent of 
the standard for me thionine , lysine and tryp tophan, methionine 
(0. 05%), lysine ( 0. 05%), valine (0. 1%) , and inositol (0. 1% ) . 
The hens were s elected from the same group as Experiment 4 but 
were placed in pairs into eigh t-inch cages. Each of th e 16 dietary 
treatments was given to six pairs of hens . 
Average hen-day egg production is given in Table 2 1 .  In­
cluded in the tab le are the factorial effect totals for each of 
the sixteen diets .  A numerical response i n  percent hen-day p roduc­
tion was shown for me thionine , ML , VI , LVI , and MVI. Thes e data 
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indicate that diets containing either methionine alone, methionine 
or lysine in combination with valine and inositol or valine with 
inositol would be equally satisfactory supplements to the 9.4% 
protein layer diet for the production of eggs. 
When the data were considered as factorial effects , it was 
apparent that only valine and the combination of valine and inositol 
resulted in a numerical improvement in production. Combinations 
of other amino acids either produced negative effects or very 
small positive effects. 
Egg weights were not affected by the various dietary treat­
ments nor was egg quality or body weight. Mortality from these 
hens was less than from similar hens fed during Experiment 4. 
This may have been due to conditions imposed with two bi rds per 
eigh t-inch .cage· which may have contributed less stress to the 
birds. 
Plasma lipid varied from 15 to 55 mg/ml for the hens fed the 
low-protein diets compared to 11 to 46 mg/ml for hens fed diets 
containing 16 percent protein. Liver lipid also varied ext.en­
sively. Values of from 30  to 67% of dry matter were obtained for 
the hens fed low-protein diets compared to 2 8  to 68% for hens 
fed diets containing 16% protein. 
73  
TABLE 2 1 .  HEN-DAY EGG PRODUCTION BY HENS FED FACTORIALLY ARRANGED 
TREATMENTS DURING THE LAST THREE MONTHS OF EXPERIMENT 5 .  
Hen-Day Factorial 
Treatment Production Effect To t a l  Agreemen t 2 
Basal 
1 51 . 8  
Methionine 56 . 7 1 . 7 yes 
Lysine 37 . 8  -25 . 7 yes 
ML 54 . 5  - 7 . 7 no 
Valine 47 . 0  40. 7 no 
MV 49. 4 -44 . 5 no 
· LV 51 . 6  - 4 . 5 no 
MLV 41 . 2  -35 . 5  yes 
Inositol  41. 4  - 5 . 5 yes 
MI 41 . 1  -25 . 5 yes 
LI 40 . 9  . 1 3 .  9 no 
MLI 42 . 5  - 5 . 9 yes 
VI 57 . 5  63 . 9  yes 
MVI 55 . 2  14 . 7  yes 
LVI 58 . 4  -20 . 7 no 
MLVI 47 . 3  13 . 7 yes 
1 Basal die t  cont ained added methionine , lys ine and tryp tophan . 
2 
Comparison of  response calculated as percent  p roduct ion and as a 
factorial effect , given for agreement between the two measures of  
response to dietary t reatment . 
RESULTS OF STUDIES WITII TURKEY POULTS 
Expe rimen t T- 1 
The composition of the 20 percent protein starter d iets 
is given in Table 3. The test diets were formulated by s ub­
stituting an equivalent amount of p rotein from a test protein 
for the soyb ean meal portion. Glucose  monohydrate and corn oil 
were varied to maintain nearly iso-caloric and iso-nitrogenous 
diets . 
Ami no acid supplements were made to provide calculated 
minimum amounts of 40, 60 and 80 percent of the values gi ven 
for s tandard 1 in Table 5. Body weights and pooled blood s am­
ples were taken for each repli cate group at four weeks of age. 
Average weights are given in Table 22  for each repli cate 
group and each treatment. It was apparent that growth rates were 
·affe cte d  by treatment. Highly significant differences were pres ­
ent b etween sources of p rotein and between levels of amino acid 
supplements. An inte raction of amino acid and protein s ource 
suggested that not all sources of p rotein were affe cted_ equally 
by the supplement . Imp rovement was obtai ned for most sources 
only at the 60  pe rcent level. Further improvement was not ob­
tained at the 80 percent level except for a trend towards im­
p rovement with two repli cates of poults fed the diet containi ng 
fish meal . The greates t  growth response to amino acids was ob­
tained from the poults fed either soybean or safflower meals. 
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Best growth rates were evident for the poults fed fish meal at all 
levels of amino acid supplementation. Growth rates of poults fed 
soybean or safflower meal were also satisfactory. The remaining 
test proteins were unsatisfactory for poults under these conditions 
because the growth rates were 50% less than for diets containing 
fish, soybean or safflower meal as the test protein. 
Pooled samples of blood were prepared for analysis by the 
method of Moore et al. (1958) and Spackman et al . (1958) . It 
was evident from the results shown in Table 23, that random vari­
ation for most of the amino acids was so great that a meaningful 
interpretation could not be made. 
It was apparent even from a casual observation that the three 
analytical values given in the table for similar protein treatments 
were extremely variable. Only histidine, cystine, methionine, 
phenylalanine and tyrosine showed consistent trends with increased 
levels of amino acid supplements. No consistent association could 
be made for serum free amino acids and growth. Free amino acid v alues 
for different groups of poults fed different protein sources were 
relatively characteristic of the protein . 
Experiment T-2 
As the previous trial showed evidence of a maj or source of 
variation besides that due to amino acid and protein supplements, 
this trial was made to test for a source of variation . Turkey poults 
were fed a low-protein com-soy starter diet to four weeks of age. 
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TABLE 2 2 . AVERAGE WE IGHT OF EACH RE PLI CATE GROUP OF S I X  TURKEY POULTS 
FED D IETS W ITH D I FFERENT SOURCES OF PROTE IN AND AMOUNTS OF AMI NO AC I DS 
UNT I L  FOUR WEE KS OF AGE . 
Treatment Rep} i cate  
S oybe an Mea l  
Fish Mea l  
1 
2 
3 
· Aver age  
1 
2 
3 
Average 
Hydro ly zed B l ood Mea l  1 
Mea t  and B one Scraps 
Corn G luten Mea l  
2 
3 
Average 
1 
2 
3 
Average 
1 
2 
3 
Average 
Percent of S tandard 1 
40 60 
gm 
3 14 
3 1 3  
29 3 
306 
4 7 3  
4 7 1  
4 89 
4 78 
1 5 2  
1 5 7  
1 6 7  
1 5 8  
1 30 
1 4 5  
1 2 8  
1 34 
1 1 8  
1 1 7  
1 24 
1 19 
gm 
440 
489 
455 
450 
4 8 7  
4 74 
4 75 
4 78 
1 76 
1 6 3  
1 8 7  
1 86 
1 76 
1 7 7 
1 78 
1 7 7 
1 6 3  
1 66 
200 
1 76 
80 
gm 
4 7 7  
455  
4 24 
4 5 2  
4 5 8  
502 
5 1 2  
49 1 
1 69 
1 9 3  
19 8 
201 
169  
1 76 
1 85 
1 7 7 
1 70 
1 99  
1 7 1  
1 80 
1 Es s ent i a l  ami no aci ds added t o  supp ly a percentage o f  the s tandard 
us ed by Dunk el  god E .  __a.L ( 19 6 2) . 
TABLE 23 . AVERAGE FREE AMINO ACID LEVELS IN S ERUM FROM TI!REE REPLICATE GROUPS OF FIVE TURKEY POULTS 
FED DIETS WITH DIFFERENT SOURCES OF PROTEIN AND AMOUNTS  OF AMINO ACIDS UNTIL FOUR WEEKS OF AGE . 
(micromoles / 100 ml. ) 
Percent o f  S tandard 
S oyb ean Fish· Safflower 
Meal Meal Meal 
40 60 80 40 60  80  40  60  80  
Taurine 10 3 66 64  88 64 89 60 47  68 
Aspar tate 34  18 36 43 30 25 27 . .  36 
Threonin� 49 24 4 3  68 60 57 4 4  . .  58 
S erine 157 110 111 184 1 26 1 7 4  110 119 
Pro line 46  4 7  45  55 48 54 44  39 53 
Glutamine 165 41 3 2  182 103  7 4  6 2  . .  6 3  
Glutamate 77  88 7 5  90 90 75 87 1 78 88 
Glycine 122  105 133  128 120 54 1 27 1 20 1 46 
Alanine 157 162 152 259 189 183 144  142  166 
Valine 30 24 28 3 2  2 5  3 2  4 5  3 7  55 
½ Cys tine 18 48 38 28 24  3 2  34  29 4 4  
Me thionine 5 1 3  32  9 8 19 10 15 29 
Isoleuc ine 12  1 2  1 2  15 11 1 1  1 2  1 1  1 5  
Leucine 23  28 26 30 21 33  25  29 37  
Tyros ine 35 6 2  6 4  50 60 75 44 43 53 
Phenylalanine 1 7  39 6 3  18 33  86  3 3  35 65 
Lysine 28 3 2  4 1  - 49 3 2  98 30 1 1 7  4 3  
His tidine 10 1 1  1 2  8 11 19 1 7  1 4  2 2  
Tryptophan 4 4 4 3 3 6 4 5 5 
Arginine 48 48 4 1  29 20 25 7 5  69 81 
Blood 
Meal 
40 60 80 
30 51 10 2 
21 13 2 2  
25  26 27 
1 34 178 20 6 
3 1  3 7  50 
86 18 81 
4 7  68 6 1  
1 39 193 187 
1 48 155 210 
2 3  24 36 
1 1  24 26 
1 19 30 
6 8 1 1  
24 42  46  
50 3 7  68 
23  28 4 3  
20 18 40  
15  12  1 3  
. .  5 
10 21 92 
Corn Glu-
ten Meal 
40 60 
44 56 
26  16  
60  33  
60  33  
89 60 
68 30 
78 7 1  
1 26 161  
176 188 
29 27  
3 3  4 1  
9 7 
12  9 
44 34 
. .  6 7  
7 3  57  
12  18 
13 11  
7 2 
24 23 
Meat and 
Bone S craEs 
40 
41  
12  
34  
34  
59 
60  
7 3  
2 38 
1 6 2  
2 2  
19 
4 
7 
19 
40  
2 2  
. .  
. . 
. .  
60  
83  
1 3  
13 
13  
81 
26 
36 
2 6 7  
1 44  
2 3  
2 7  
1 4  
7 
20 
4 2  
7 1  
16  
11  
3 
39 
'-J 
'-J 
TABLE 24 . MICROMOLES OF FREE AMINO ACID PER 100 MILLILITERS OF SERUM FROM INDIVIDUAL TURKEY POULTS 
FED SOYBEAN MEAL AFTER FASTING FOR 34 HOURS COMPARED TO FASTING FOR 36 HOURS . 
FED SOYBEAN MEAL FASTED 36 HOURS 
BODY WEIGHT BODY WEIGHT 
460 480 510 560 · 580 4 20 500 550 610 610 640 7 1 5  
Aspartic Acid 30 25  41 40 35 16 22 27 22 68 1 7  24 
Praline 56 41 53 59  48  39  32  55 35 24 32  4 8  
Glutamic Acid 45 36 4 5  17 7 69 5 2  41 68 39 135 67 4 7  
Glycine 145 106 1 25 115  1 33 163 1 22 1 76 115  . .  9 1  115 
Alanine 169 1 21 140 151 117 10 3 9 4  148 99  . .  80 117  
Valine 35 1 5  3 2  27 30 1 7  19 24 11 13 1 7  23 
Cystine 8 17  20 21 23 18 16 25 5 2  5 1 8  20 
Methionine 5 5 6 8 6 5 6 8 8 2 4 7 
Iso leucine 22 12  24 21 21 13 14 19 16 8 1 2  1 4  
Leucine 2 7  16 30 28 29 19 20 29 24 14 1 7  23 
Tyros in •:; 3 3  10 34 4 7  24 10 18  2 5  1 4  1 9  1 1  20 
Phenylalanine 18 9 20 20 15 1 1  1 1  15  10 9 10 23 
Lysine 5 5  32  42  45  4 7  46  38  49  49  11  28 38  
Arginine 5 2  18 50 40 36 13 24 ,30 3 7  1 7  20 34 
(X) 
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They were then fasted for 34 hours. After fasting they were either 
fed a single source of protein or fasted for an additional 2 hours 
before blood was taken by cardiac puncture . Samples were taken 
from individual poults and prepared as in trial 1 for amino acid 
analysis. 
The results given in Table 24 indicate that the source of 
variation was neither associated with variation in body weight 
nor was it associated with time interval since the last feeding. 
Variations appeared to be in a random pattern . Only proline and 
perhaps methionine and leucine levels were consistent for each 
trial. Exceptions were evident even for these amino acids. 
Experiment 3 
The results are given for body weight at 1 ,  2 ,  3 ,  4 and 5 
weeks of age for both series in Table 25. Table 26 shows the facto­
.rial effect means for the first series and Table 27 the f actorial ef­
fect means ·for the second series for each of the five weeks of the 
trial. Table 27 also shows the data collected on feather development . 
For the methionine series , average weight was greatest for 
the birds fed the combinat;i..on 9f five amino acids for each of the 
five observations. The largest birds were found in the treatment 
groups which were fed methionine alone or in combination with another 
amino acid. The pens with the largest birds at any wei ghing were 
those containing the M ,  ML , MLT , MLTI , MLC , MTC and MLTC groups. 
It appeared from these data that at three weeks of age maximum growth 
was obtained from the MLT diet. At four weeks of age, the MLTIC 
group was 70 grams heavier than the nearest weight group, MLC. 
From these data it appeared that over the five-week period, 
isoleucine and cystine were not at critical levels until after 
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the poults had reached three weeks of age. This interpretation is, 
in part, supported by the results of the single degree of freedom 
analysis of variance of the effect totals. 
The data shown in Table 26 indicated that for the main effects ; 
methionine, lysine and tryptophan, in that order, were the most 
important amino acid supplements. The two factor interactions ML, 
TI, and MC and the three factor interactions MLI, MLC, and MIC 
indicate that combinations of amino acids were also important. All 
of the main effects and interactions were positive except the MLC 
interaction which was consistent and negative for each period. 
This may indicate that the utilization of lysine is impaired at 
higher levels of methionine or when methionine is spared by cystine. 
The corresponding F value for MLC was significant at two weeks of 
age and highly significant thereafter. In light of this ne�ative 
effect, the contradictory positive interaction of MC is- not under­
stood. In the absence of lysine supplements, growth was improved 
by the MC combination. This may indicate that the amount of 
methionine supplied in the diet was too low. The size of the three 
factor interaction8 suggests that the response from additional cystine 
is applicable only in the absence of lysine supplements . 
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The results of the second series for average weight are given 
in Tab le 25 . These data  indi cate that valine and threonine were 
the important amino acid supplements in this series . The average 
weights of poults from the groups not receiving valine and threonine 
supp lements were nearly 30 grams less than that of those receiving 
the sulfur amino acids . The results of the effect means given in 
Table 27  support this interpretation. 
Of the single factor effect means , isoleucine , leucine an d 
valine were consis tently s ignificant for each of the four s even-day 
periods . However, only valine showed a positive effect. Thos e 
effects are supported by the feather data.  The effect of amino 
acid supp lements to a 20 percent protein starter diet containing 
supp lements of methionine, lys ine and tryptophan sugges t that valine 
was unable t� overcome the detrimental effects of isoleuci ne or 
.leucine . In fact , all t wo factor interactions with isoleucine or  
leucine were negative except the IA interaction at three weeks of 
age . It is remarkab le that the only consis tent positive th ree factor 
interactions involved valine and threonine together, however, this 
effect was not always sign� fic�nt at even the 5 percent level . The 
IVTh interaction was highly significant at three and at four weeks 
of age . 
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TABLE  25 . AVERAGE WE IGHT OF TURKEY POULTS FED A LOW- PROTE I N  
.
D I ET 
SUPPLEMENTED W ITH AM INO AC I DS IN A FACTORIAL MANNER I N  
TWO SERIES  OF  TWO S IM I LAR DES I GNS . 
Seri es  1 Seri es 2 
Weeks o f  Age Weeks o f  Age 
Treatment 1 2 3 4 5 Treatm�nt 1 2 3 4 5 
gm gm gm gm gm gm gm gm gm gm 
Bas a l  79 1 39 2 1 1 304 4 1 8  MLT 89 1 78 2 75 4 5 1  646  
Methi on 9 3  1 3 7 29 7 446 663  I s o l euc 9 2  1 86 30 7 5 09 70 1 
Lysine 85  1 4 2  2 3 1  340 4 3 8  Leucine 9 7  195  3 1 1 496  7 2 1  
ML 7 7  1 74 3 1 2  468  644  I Le 96 1 76 300 5 20 7 1 4  
Tryptop 89 145 2 25 3 1 8 4 25 Va l ine 99 204 3 3 7  5 5 1  759 
Mf 80 1 43  2 2 7 35 4 5 0 6  IV  88  1 89 30 2 4 69 655  
LT 86 1 4 4  203 29 4 40 1 LeV 10 1 20 1 3 2 7  5 19 740 
MLT 84 1 86 3 26 49 2 6 5 3  I LeV  9 1  1 7 7 284  467  609 
I s o l euc 85  1 5 8  2 29 3 7 8  56 8 Arginine 87  199 3 1 8  5 3 2  75 4 
MI  7 8  1 5 8  20 2 30 8 4 3 8  IA  86 1 89 3 1 0  5 1 2  6 76 
L I  9 0  1 3 3 2 36 350 5 0 2  LeA 8 8  1 7 7  299 4 70 6 73 
ML I 9 5  1 5 2  2 7 8  4 5 4  644 I LeA 86 186  299 4 7 2  6 56 
TI  9 2  1 60 254  378  509 VA 9 1  20 2 335  5 1 1  7 1 1  
MTI 89 1 50 259 404 5 76 I VA 99 204 339 5 4 3  74 1 
LT I 8 2  1 4 2  200 3 1 7  450 LeVA 9 2  1 8 5  3 1 1  5 3 3  724  
MLTI 89 1 82 3 3 1  509 72 2 I Le VA 86 1 75 2 8 1  4 69 664 
Cys tine 8 1  1 40 209 2 86 4 25 Thre oni 90 19 8 32 1 5 3 2  744 
MC 9 4  1 59 26 2 4 1 0 5 70 ITh 8 8  1 79 29 3 4 60 6 37 
LC 89 1 49 235 362 506 LeTh 90 1 79 29 1 4 83 6 8 1  
MLC 79 1 8 7  3 2 2  5 1 2  646  I LeTh 86 1 70 276 4 40 686  
TC 8 3  1 2 8 1 88 258  39 7 VTh 99 2 1 3 344  559  79 1 
MTC 9 1  1 6 8  2 8 2  4 5 2  660 I VTh 96 196  3 3 1  55 3 7 39 
LTC 8 2  1 55 26 8 4 3 4  600 LeVTh 96  206 3 3 7  5 3 1  74 2 
MLTC 99  1 84 300 466 605  I LeVTh 9 7  1 89 3 2 7  5 1 4  70 1 
IC  80 1 3 1  1 82 2 7 2  369 ATh 9 7  199  33 8 543 737 
M IC 9 1  1 69 2 54 4 6 2  6 3 7  I ATh 86 194  30 7 5 0 7  7 2 8  
LIC  84 1 35 20 2 295  4 5 2  L eATh 9 4  1 79 3 3 1  5 34 7 1 2 
ML IC 9 1  1 60 2 84 4 50 6 24 I LeATh 96  169 30 3 46 1 6 76 
T IC 8 2  140 208  3 1 8  4 79 VATh 99 1 8 7  3 1 9  5 0 3  7 1 0 
MTI C  8 5  1 86 29 3 444  5. 89 IVATh 90 2 22  36 2 5 74 74 1 
LT IC  87  1 40 2 2 8  360 5 1 0  LeVATh . 105 196  343  5 36 76 2 
MLT I C  9 8  194  333  5 82 7 8 8  I Le VATh 9 2  1 84 304 5 1 4 70 3 
1 
th e ami no a c i ds h ave b een shortened Names o f  to 7 1 ett ers . 
2 ami no acid  supp l ements  were made to  equa l th e amounts in s tandard 2 
(Tab l e  5 )  derived from ca l cul ated values for th e 2 8% prote i n  contro l 
di e t  and for s eri es  2 MLT w as added to a l l  diets . 
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TABLE 26 . FACTOR IAL EFFECT MEANS OF BODY WE I GHT OF TUR KEY POULTS 
FED LOW PROTE IN AMI NO AC I D  SUPPLEMENTED D I ETS . 
Effect Mean 
1 wk 2 wk 3 wk 4 wk 5 wk 
gm gm gm gm gm 
Me thi onine 3 . 46 *  25 . 50 * *  6 2 . 06 * *  1 2 1 . 8 1 * *  1 57 . 25* * 
Lys i ne 1 . 4 3  4 . 7 5 35 . 44 * *  55 . 8 1 * *  59 . 75 * * 
ML - 0 . 2 6 9 . 3 8* 1 5 . 8 1 * *  25 . 8 1  * *  26 . 1 2 
Tryptophan 1 . 6 1  7 . 75 1 4 . 94 1 7 . 69 36 . 39 
. MT 0 . 4 1  4 . 3 8 2 . 56 6 . 44 8 . 88 
LT 0 . 33 4 . 1 2 3 . 69 1 0 . 19 1 3 . 75 
MLT 4 . 49 2 . 00  2 . 3 1 6 . 9 4  9 . 6 3  
I s o l euc ine 1 . 8 1  0 . 6 2  - 4 . 0 6 5 . 3 1 1 8 . 75 
MI 0 . 1 8 1 . 00  - 7 . 69 - 3 . 69 - 9 . 88 
LI  2 . 79 - 6 . 5 0 - 1 . 56 - 1 1 . 69  6 . 1 3 
ML I - 0 . 44 4 . 50 22 . 44 25 . 1 9 1 8 . 2 3 
MTI 0 . 0 1  1 .  6 3  9 . 56  1 6 . 94 25 . 5 0 
LTI - 2 . 9 6 3 . 1 3 - 3 . 06 1 . 69 - 0 . 3 8 
MLTI - 3 . 0 6 4 . 50  - 1 . 44 8 . 44 1 5 . 00 
Cys tine 1 .  39 5 . 00 5 . 56 1 5 . 56 1 8 . 75 
MC 3 . 99 10 . 6 3 6 . 69 2 7 . 3 1 1 5 . 3 8 
LC 1 . 1 1  - 3 . 3 7 8 . 8 1 1 4 . 06 1 5 . 88 
MLC - 1 . 1 4 - 9 . 00 - 23 . 06 - 35 . 19 - 50 . 00 
TC 0 . 59  0 . 3 8 1 1 .  3 1  1 5 . 44 1 9 . 49 
MTC 1 .  74  1 . 7 5 - 7 . 3 1 - 1 2 . 0 6 - 1 7 . 50 
LTC 3 . 0 1  - 1 . 75  6 . 56 1 2 . 4 4 5 . 1 3 
MLTC 1 . 0 1  - 3  . 1 3 - 20 . 56 - 14 . 06 - 8 . 25 
I C  1 . 6 1  - 2  . s o 1 . 3 1  - 4 . 9 4  - 1 3 . 86 
MIC 0 . 2 6 3 . 6 3  9 . 94  2 7 . 81  4 4 . 2 5 
L IC 0 . 0 6  5 . 88 - 0 . 19 - 1 0 .  44  - 6 . 75 
ML I C  - 1 . 1 4 - 0 . 25 - 5 . 06 0 . 3 1 - 0 . 6 3  
T IC  - 0 . 36 3 . 36 1 .  3 1  - 2  . 06 2 . 89 
MTI C  - 3  . 1 6 1 .  so - 10 .  81 - 10 . 56 29 . 8 8 
LT IC  2 . 6 1  - 2 . 25 1 0 . 3 1  1 7 . 9 4 2 1 . 5 0 
MLTIC  0 . 56 1 . 88 7 . 19 3 1 . 36_ 49 . 6 3 
* 
S i gni fi cant ly di fferent than z ero ( P  < ' 0 . 0 5 ) . 
**  
S igni fi cant ly di fferent than zero (P < 0 . 0 1 ) . 
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TABLE 2 7. FACTORIAL EFFECT MEANS FOR BODY WEIGHT AND FEATHER 
DEVELOPME T OF TURKEY POULTS FED LOW PROTEIN D IETS 
SUPPLEMENTED WITH AMINO ACIDS . 
Body Weight Fea ther 
Fac torial Effect Mean DeveloEment 
1 wk 2 wk 3 wk 4 wk 5 wk 5 weeks of age 
gm gm gm gm gm Score "F" 
Is oleucine - 2. 98* - 7 . 23**  -1 3 . 3** - 18. 7** -34. 2** 0 . 1  0 . 56 
Leucine 1 . 8 -1 2 .  3** - 1 3 .4** - 22. 0*)'( - 2 1 .  2** - 2 . 3  2 1 2 , 9** 
!Le - 1 . 14 -4. 6* -8 .6* -1 1 . 6 -9. 2 0 . 2 1 .  76 
Valine 3 . 8** 10 . 6** 19 . 1** 26. 1 ** 24. 2* 3.0 386 . 7** 
IV 0 . 8 -0 . 5  -2 . 0  1 . 2 -9. 6 1 . 1 5 5. 34* 
LeV -0 .4 - 1 .0  -5.9 -0. 5 0. 9 1 . 6 1 06 . 6** 
ILeV -2  . 1  -4. 5* -6. 3 -9. 1 19.9 0 0 
Arginine -0 .4  0. 5 8. 5* 10. 2 4 . 2 0 0 
IA - 1. 1 6 . 8** 2 . 1  5.0 9.4 0 0 
LeA - 1. 5  -6  . o**  -6. 5 - 7 . 6  - 7  . 1  0.4 8 .0** 
ILeA 0. 7 -1. 6  -4. 3 -1 3 . 8 -8 . 9  0 0 
VA 0. 7 -3 . 2  -7. 7* -1.  3 -6 . 0  0. 3 5. 6 
IVA -0 .4  3. 7 7 .8* 16 .4* 20 . 0  0 0 
LeVA -1 . 2 -0 . 2  
. ,  
-3 .4 4 . 0 1 5 . 3  0 . 1  0. 8 
ILeVA - 1 .8  -4. 9* ·-9 . 3** 1 2 . 2  -7 . 0  0. 1 1. 2 
Threonine 1 .4 2. 5 1 1 . 9** 1 3 . 8  19 . 6  -0. 3 4 . 1  
. !Th -0 . 3  0. 1 - 1 . 8  -6 . 1  0. 9 -0. 2 3 . 2  
LeTh 1 . 1  - 2. 3 0 . 7  -4 .9  0. 8 -5. 3 9 . 3** 
ILeTh 1 . 1  -0. 6 0. 9 -2 . 2  10 . D  1 . 1 5 3 . 6** 
VTh 0. 4 4. 6* 6. 7 14. 1 1 2 . 0  0. 8 26 . 3** 
IVTh 1. 6 4. 1 1 2  . Y'•* 30. O** 1 3. 0  1 . 3 7 7 . 9** 
LeVTh 2. 3 4. 9* 7. 6 4. 6 19 .4 0.4 6. 7 
ILeVTh -0 . 9  -2 . 5  -5 . 6  - 2  . 8  -0 . 8  b 0 
ATh 4.4** -0 . 6. . .  2. 5 2 . 2  1 .9  -0. 5 10. 1** 
IATh -3.4* 1 .8  -0 . 8  4. 7 5. 9 0 .4 6. 7**  
LeATh 2. 1 2 .4 8 . 0  14 . 5  1 2. 0  -0 .4 8 .0**  
ILeATh 2. 2 6. 8* -7 . 7* -4. 5 -2 1 . 0  0 0 
VATh -1.4 -0. 2 -5 . 8  -19 . 0** - 14. 2 -0 . 2  2 .4 
IVATh -3 . 9  1 . 3 - 2.4 -8. 3 - 19 . 1  0 . 7  2 1 .8** 
LeVATh -0. 5 0 . 2  -4 . 2  -0 .9  - 1 2. 9 0 . 6  16 . 8** 
ILeVATh 0.6 1 . 2 0. 3 10 . 5 1 1 . 7  0 0 
* Significantly different than zero (P < 0 .05 ) .  
** S ' . f . 1 different than zero (P < 0 . 1 ) . 1.gn1. 1.cant y 
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DISCUSSION OF EXP ERIMENTS WI TH HENS 
Expe riment 1 and Expe riment 2 
I t  has been shown that for Expe riments 1 and 2, where pro tein 
levels varied from 9. 4 to 15. 4% (9 . 8  to 15. 5 with amino acid sup­
plements) most cri teria for egg production were unaffected by p ro tein 
level. Egg si ze for the hyb rid hens fed the basal diets was smaller 
than for the hybrid hens fed any othe r diet. In Experiment 2, the 
SCWL were superior to the hyb rids in percent hen-day p roduction b ut 
the ove rall egg size was smalle r and not related to die t .  Thus , 
when the data were considered as grams of egg/ bird/ day the larger 
nlDTI.ber of  smaller eggs were corrected to an app roximately equivalent 
value for both strains. Hen-day egg production for al l groups o f  
hyb rid hens appeared t o  b e  suppressed whereas the effect was not 
evident for the SCWL. Perhaps feed intake as i t  is relat ed to body 
size was inadequate for the smaller hyb rid hens to support normal 
egg p roduction. The larger body size and concomi tant greater energy 
need may have resulted in a greate r  intake o f  the dietary factor 
limiting p roduction. On the other hand, pro uction of smaller eggs 
by the SCWL would, in effect, · reduce the pro tein requirement for egg 
production. I t  appeared from the data that pro tein per � was not a 
limi ting factor even at the 9 . 4  percent level b ecaus e p roduction was 
not imp roved at eith er 12 or 15. 4 percent when other die tary factors 
were constant. 
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The data show a consistent difference between the two strains 
used in the study. It was noted that the average body weight of 
the S CWL was nearly 250 gm. greater than for the hybrids. The 
larger body size was probably reflected in a greater maintenance 
requirement for energy. As the energy requirement of the larger 
bird is proportionally greater than its requirements for other 
dietary factors when compared to the smaller bird, the dietary 
requirement for factors for egg production could be more easily 
met as a result of the greater feed intake. 
Feed intake when expressed as a function of numbers of eggs 
produced show that the two strains were approximately equal. How­
ever, when feed intake was considered in terms of the weight of 
eggs produced, the hybrids show an advantage ; that is, when egg 
production data. were weighted to consider the size of egg, the two 
strains became more nearly equal in terms of production and less 
nearly equal in terms of efficiency of production . A trend towards 
increased production with increased level of protein was observed 
for the hybrids. This may reflect a minimum level of intake of an 
amino acid supplied by the protein or of a dietary factor associated 
with protein. However, the effect of higher levels of protein was 
not significant for either the hybrid or the S CWL strain. 
It was observed in all groups, strains, and diets that although 
egg production was not severely affected, the appearance of the birds 
was markedly inferior to· those fed normal diets. This effect was 
8 7  
especially evident as regarding feathering condition . Either through 
feather pulling or through nonnal loss without replacement, in all 
experimental groups the birds appeared as though they were almost 
without feathers for the last six months of the trial . The deficient 
factor or factors may be required only for feather maintenance and 
probably was related more to feather picking than to the development 
or state of health of the feather per se. The color of the comb, 
wattles or ear lobes was also affected . Instead of a bright flesh 
color, they were somewhat pale and lacked normal brightness. The 
discrepancy in general appearance was not noticeably improved with 
higher levels of protein. The appearance effect may have been partly 
due to glucose monohydrate adhering to the tissues. 
Experiment 3 
It was- apparent that egg production was improved as a result 
· of supplements of three percentage equivalents of protein from corn, 
wheat, barley and soybean meal. The response was detectable by an 
analysis of variance and subsequent use of Dunnett ' s  test f or the 
data from the first six months of the trial. The influence of the 
diet was great enough to pennit differences to be shown for the 10-
month average. Differences were greater during the first three months 
than any subsequent period as indicated by the F test. During the 
first period rather than later, differences between diets were 
greater and more consistent than differences between replicate groups 
fed the same diet. Perhaps some of the diets could support peak 
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production better than others during this period of stress. During 
later periods when production was reduced it may have become easier 
to consume adequate amounts of nutrients to maintain the lower rate 
of production . It would also appear that as nutrient intake becomes 
a limiting factor , egg production should f luctuate to replace reserve 
stores for the hen. Production should cease before the health of 
the hen is endangered .  If marginal levels were being fed , then it 
would be conceivable that during any given month , with s mall  numbers 
of hens , production between replicate groups would vary greater than 
during periods when greater amounts of reserve nutrients are avail­
able to supplement the dietary intake. 
It was evident that production by the hens fed diets containing 
wheat , corn , · and soybean meal . were essentially equivalent. This 
was evident even though intake of glycine varied from 5 00 to 6 10 
milligrams per day compared to 450 for the hens fed the basal diet. 
Threonine , valine , and leucine intake also varied from 480 to 5 30 , 
550  to 610 , and 1100 to 1 380 mg per day respectively. A comparison 
of amino acid intake with production indicated that approximately 740 
milligrams of arginine , 6 10 milligrams_ of lysine, 290  milligrams of 
methionine , 200 milligrams of cystine , - 550 milligrams of valine and 
480 milligrams of threonine per day were adequate for good production. 
These values were obtained by finding the lowest leve l of intake at 
which production _ was adequate . They may not be applicable when com­
pared to diets containing a dif ferent ratio of amino aci ds. The wide 
variation in dai ly intake which did not appreciably affect p roduction 
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might suggest that the ratio of amino acids was of little importance 
when the maximum level of an amino acid was less than twice the 
suggested standard for requirements. It was also of interest to 
note that approximately 100 grams of .feed were consumed daily. The 
use of 100 grams as a standard for feed intake in a practical sense 
permits the values to be expressed directly as a percent of feed by 
converting to grams from milligrams. The values obtained are similar 
to the values given for requirements in Table 2. The similarity 
between the two sets of data indicates that the requirements are 
indeed approximately 125 percent of the requirement values suggested 
by Johnson and Fisher (1958) . 
Experiment 4 
The data for egg production in Table 14 indicate that an effect 
of diet was evident as early as the third month of production. Per­
haps a reduced rate of lay resulted from feeding the low protein diets 
to the hens when they were only twenty weeks of age and not sexually 
mature. A deficiency may have been precipitated earlier because the 
hens were unable to accumulate a reserve of amino acids due to the 
demands made for the amino acids during the final stages of growth 
and sexual development. The stress of ·peak production during the 
first three months of lay may have resulted in an exaggerated sup­
pression of performance for the hens fed deficient diets compared 
to those fed more adequately. 
Reduced perfonnance. was especially apparent for the hens fed 
0. 575 percent lysine. The standard level (0. 625%) which was 125 
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pe rcent of the standard of Johnson and Fisher (1958)  was reduced to 
115 percent for this study. The reduced rate of production evident 
in the third month of lay indicated that the 125 percent leve l may 
have been only marginal with regard to the lysine req uirement of 
caged layers. Rate of p roduction was also reduced for the hens 
fed diets supplemented with 3-Nitro , nf-1 80 and fe ather meal. The 
effects may have been, at least in part , due to lack of acceptance 
of the diets or for the group fed the 3-Nitro diet , may have been 
evidence of arsenic toxicity. Feed consumption is affecte d  by rate 
of p roduction ; however, maximum production cannot be maintained when 
feed  intake is reduced. In this case , cause and e ffe ct are closely 
re lated and it was not possible to determine whether feed  intake 
was reduced because of a low rate of production or if production 
was reduced dt-e to reduced feed intake. Feed intake was also low 
for the hens fed the plus methionine diet despite rather satisfactory 
production . Feed  intake was below normal for all groups of hens fed 
the 9. 4 percent p rotein diet, although even those fed the basal diet 
maintained satisfactory production through the seventh month of lay. 
Feed intake of the hens fed the basal diet was no different than for 
the basal diet plus methionine. Nutrient intake must have been nearly 
satisfactory for the continuous production of eggs through the tenth 
month of production at rates greater  than 50 percent on a hen-day 
basis. Certainly if the 9 . 4  percent protein diet was de ficient in 
amino acids other than -methionine , lysine and tryptophan then a 
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marked response ove r the plus methionine o r  nf-180 groups should 
have been obtained from the diets containing additional p rotein . Th e 
additional protein was equivalent to one-third of the amount in  the 
basal . A 33 percent increase in protein from corn-soy , fish , or 
meat and bone scraps should have promoted more of a response , over  
the +methionine diet , if  further severe deficiencies of  other 
amino acids were present. Egg p roduction was improved ove r  the level 
of production of hens fed the basal diet during most p eriods by sup� 
plements of 3 percentage protein equivalents from fish meal or 
supplements of 6 p ercentage equivalents of p rotein from the mixture 
of corn and soybean meal. The trend towards increased p roduction 
was espe cially evident in th e final two months of the trial . The 
hens fed the diet containing fish meal continued to produce in 
excess of 60 percent even after 10 months of lay . The response 
supposedly reflected  a more adequate level of an amino acid or 
acids ; however ,  the amino acid pattern was not markedly different 
than for the remaining diets containing 12 percent protein. The 
response may have been a product of greater feed intake and con­
comitant increased intake of all amino acids , of a single amino 
acid , or of a factor associated with the fish meal . I dentification 
of the causative agent was not made. When the data were calculated 
as milligrams of amino acid per egg , diffe rences were more apparent. 
Daily intake between 500 and 525 mg of the sulfur amino acids appeared 
to be sufficient for good egg p roduction .  At least 610 mg  of  lysine 
pe r  day was required. It was evident from the performance of the 
group fed the lysine diet that 560 mg of lysine per day was not 
sufficient to maintain egg production. Although egg pro duction 
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was severely depressed for both replicate groups fed the -lysine 
diet, it was unlikely that the effect was due to lysine deficiency 
alone. Certainly as little as 500 mg of lysine per day should sup­
port continued production at a rate not less than 50 percent, 
providing that other dietary nutrients are at satisfactory levels . 
An examination of  the nutrient intake data failed to reveal a 
causative factor. 
It was of further interest to compare amino acid intake for 
the various diets. Although the hens fed fish meal produced at 
a rate equal to or greater - than the hens fed the corn-soy 6% diet 
the pattern - of amino acid int·ake was grossly different. The intake 
of phenylalanine was 100 percent greater for those fed the corn-soy 
6% diet than for those fed the diet with fish meal . Tryptophan 
intake was also greater for the hens fed the corn-soy 6% diet, 
although in this case only 50 percent more was consumed . The re­
maining amino acids were consumed in similar arnol.lllts . 
Intake o f  amino acids was also compared for the hens fed the 
diet with the corn-soy 3% protein supplement and those fed the 
diet containing meat and bone scraps. Those fed the former diet 
as compared to the latter diet maintained a higher rate of production 
during the last months of the trial. If this response was due to 
a different intake of amino acids then it should be possible to 
show an association between the amount consumed and the rate of 
production. Intake of crude protein, arginine, lysine, methionine, 
sulfur amino a cids, leucine, tryptophan and glycine were similar. 
Intake of tryptophan by the hens fed the diet containing fish meal 
was 10 mg a day more and their rate of production was excellent 
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even during the last months of the trial. The only amino acid 
intakes which appeared to be consistent with production were threo­
nine and valine. These amino acids were consumed by the hens fed 
the low protein diets at rates of approximately 370 mg and 460 mg, 
respectively per day. These rates are compared to 515 and 636 mg 
per day for the diet with 3% protein from corn-soy and 467 and 596 
mg per day for the hens fed the diet containing meat and bone scraps. 
It is doubtful that an intake increase of 25 percent would result 
· in similar production rates, _if indeed these amino acids were the 
limiting factor f or production. The correlation of valine intake 
to egg production was high (r=0.72) with a standard error of 0.11. 
A correlation would be expected because increased egg production 
alone will result in a greater intake of feed and concomitant in­
crease in amino acid intake (r=0.72). 
Perhaps this serves as an excellent example of a response to 
a dietary treatment, but due to an inability to identify the factors 
involved they remain unidentified. Plasma studies were made for 
free amino acids for electrophoretic separations of the white of 
egg and plasma but neither showed indications of a response . This 
would be expected on the basis of the work of Nasset et al . (1963), 
Mitchell (1962), Williams (1969) , Elwyn (1968) and others who 
indicate that physiological adaptation by the individual and 
endogenous sources of amino nitrogen tend to modify the potential 
effect of diet. 
Experiment 5 
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The data for egg production in Table 21 indicate that a response 
may have been obtained when the 9.4 percent diet with added methionine, 
lysine and tryptophan was further supplemented with methionine or with 
valine and inositol. Valine alone may have improved production as 
indicated by the factorial effect total or it may have suppressed 
production as indicated by a lower numerical value for hen-day egg 
production from the twelve hens fed the diet supplemented with valine 
alone. Unfortunately, no definite conclusions can be made from the 
data obtained from this experiment. The data do indicate that valine 
may be deficient and that when valine is added inositol may become 
limiting . 
EXPERIMENTS WI TH TURKEY POULTS 
Experiment T-1 
The results of Experiment T-1 indicated that the source of 
protein was important for starter diets for turkey poults. It 
was apparent from the results that even though the diets were 
calculated to be equal in amino acids at the 80 pecent level of 
9 5  
the standard , growth rates were markedly different. Perhaps the 
factors involved were re lated to taste or flavor of the fe ed b ut 
this would b e  high ly unlikely based upon the difference in growth 
rates. Certainly if f lavor alone were affecting intake, adaptation 
would b e  expected to take place be fore growth was reduced to one­
fourth of the normal expected. The effect mediated by the diet may 
have been of a physiological nature characteristic of the poult , 
b ecause when the diets were fed to day-old cockerels, growth was as 
good on the corn gluten meal as for the fish meal diets. If  the 
effect was physiological it was not reflected in the fre e  amino 
acid leve ls of plasma. The variations between rep licates were 
large and showed no trend towards consistently high or low· values 
for any protein source.  Variations in plasma amino acids did not 
appear to be  corre lated to growth. It was evident that fre e  amino 
acid leve ls general ly increased with increasing amounts of amino 
acid supplements , especially at the 80 percent leve ls of th e stan­
dard . This indicat 1 · J th at the free amino acid patterns could b e  
changed b y  supp lementing the diet, but large variations were 
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observed between replicate groups treated alike . As the variations 
did not appear to reflect dilution of the serum, and the source of 
variation was not evident, it was not possible to have confidence 
in the results . The variations may have been random and by chance 
alone may have affected single amino acid values . 
Experiment T-2 and Experiment T-3 
The results obtained during Experiment T-2 and Experiment T-3 
indicate that the source of variation was neither associated with 
body weight nor the time interval elapsed since the last feeding . 
Variation appeared to be associated with the individual poult and did 
not appear to be a simple dilution of sert.nn during preparation of the 
sample or relative hydration or dehydration of the poult prior to 
taking blood. The data give ·support to and are supported by the reports 
of Mitchell _ (1962) , Williams (1969) ,  Elwyn (1968) , Ganapathy and Nassett 
(19 62) and others that indicate that the variations between animals in 
levels of .free amino acids in plasma are as great within groups as 
between groups . The results do not support and are not supported by 
the data of Hill and Olsen (1963) (1965) ,  Longnecker and Hause (1967) , 
and Richardson � al . (1953a) . 
Perhaps one reason for the random variation is that physiological 
activities are not static but rather they are dynamic . Several factors 
probably work to readj ust physiological levels of nutrients and the 
nutrients themselves may induce changes in the levels of others . For 
instance, Richardson et· al . (1953a) showed that several vitamins 
9 7  
affected the level of amino acids in plasma . Most of the amino 
acids increased but methionine decreased as a result of the ad­
dition of Vitamin B12 · Charkey et al. (1950) also reported that 
free amino acids were increased when chicks were fed B12 deficient 
diets. Insulin has been shown to affect plasma levels (Lotspeich 
1949) and insulin levels vary in response to blood glucose levels . 
Galac tose has been reported (Alvarado 1968) to inhibit amino acid 
absorption . Perhaps even more important are the secretions of 
endogenous nitrogen and sloughing of tissues which are degraded 
to amino acids (Ganapathy et al . ,  1962 ; Mitchell, 1962) .  The 
degradation was suggested by Williams et al . (1968) to contribute - -
to the variation found between animals and between collection periods 
for the same animal. 
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SUMMARY AND CONCLUSIONS 
Studies made with caged laying hens and turkey poults fed low 
protein diets have indicated that growth rates and egg production 
were improved by supplementing the low protein diet with DL-Methio­
nine, L-Lysine, and D-L-tryptophan. Further supplements of amino 
acids resulted in inconsistent responses that may have indicated 
that the low protein diets supplemented with methionine, lysine 
and tryptophan were further deficient in valine . 
When the low protein layer diet consis·ted of a basal portion 
and a portion from several different protein sources, the rate of 
egg production was either unaffected relative to the low protein 
basal diet, or the rate of lay was improved. On the other hand, the 
rate of erowth of turkey poults was markedly affected by the replace­
ment of soybean meal by either hydrolyzed blood meal, meat and 
bone scraps or corn gluten meal. Possibly the effect was mediated 
by the relative acceptance of the diet by the poult more than by 
the relative amount of amino acids supplied. The laying hen may 
not be as fastidious or as easily disturbed by dietary change. 
Plasma amino acid patter1;1s of the poults fecj. the various protein 
sources were affected by amino acid supplements from 60 to 80 percent 
level of Dunkelgod ' s standard (1962) . Variations of specific amino 
acids were so great that meaningful interpretations were not made . 
Increasing the supplement of amino acids from 40  percent to 60 pe rcent 
9 9  
of the standard would not be expected to cause any great change 
because most proteins were adequate to 60 percent for most of the 
amino acids. However, most of the essential amino acids were sup­
plemented for all proteins at the 80 percent level ; thus, all diets 
should have been equally adequate within the limits of accuracy 
for average analytical values. 
It was concluded that a 20 percent protein com-soybean meal 
turkey starter diet or corn-fish meal starter diet each supplemented 
with lysine, methionine and tryptophan to supply at 1 . 65, 0.50, and 
0.30 percent respectively would support growth in turkey poults al­
most equal to a 28 percent protein diet. These standard levels ap­
peared to be applicable to turkey starter diets only when feed tntake 
was not a limiting factor. 
The 9.4 percent protein layer-diet was also adequate in most 
amino acids. However, supplements of  L-lysine, D-L Methionine and 
D-L tryptophan to supply 0.625, 0. 500 and 0.150 percent resp�ctively 
resulted in improved rates of  production. Further supplements of 
isoleucine, arginine, and diarnmonium citrate did not improve produc­
tion. Supplements of valine in the presence of additional methionine, 
lysine and tryptophan may have improved production although �he re­
sponse was small and inconsistent. The 9. 4 percent protein ·supple­
mented diet was found to be deficient in a factor supplied by fish 
meal but also present in corn , wheat, barley, soybean meal, meat and 
bone scraps and milo. · More work is necessary to identify the factor. 
Fish meal should be an excellent source of  raw material. 
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Criteria used in this study to measure response to treatment 
were not satisfactory for quantitative work. Egg production, feed 
consumption, Haugh uni ts and egg weight were not precise indicators 
of nutritional adequacy. Electrophoretic patterns of protein from 
the white of egg and from samples_ of blood were also poor indicators 
of the status of the nutritional adequacy · of the diet. Growth rates, 
feed con·version and plasma free amino acid levels in turkey poults 
were also inadequate measures. Whereas. factorial effects of �rowth' 
rates appeared to provide adequate information on response to amino 
acid supplements in highly controlled studies with turkey poults, 
they were of little value for measuring response in laying hens in 
this limited study. 
Trials should be continued with fish meal to find the minimum 
amount required to promote adequate production. Fractionation or 
solubility studies could then continue to provide further information 
on the substance. It is doubtful that the substance is an amino acid 
as reflected by calculated amino acid intakes. If indeed it is not 
an amino acid, identification could result in reducing protein levels 
by 50 percent for laying hens. The same substance may be required by 
the poult as rE:flected by growth rates· on the unsupplemented 20 per­
cent protein starter diet. Protein supplies for man ' s  use can be 
spared by more liberal use of methionine, lysine and tryptophan in 
poultry diets. 
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APPENDIX 
APPENDIX A 
Procedure - Experiment 2 
For the second experiment a total of 312 connnercial hybrid 
pullets (DeKalb 131) at about 50 percent production were placed 
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at ranGom into 24 groups of 13 individual cages to provide four 
replicates of six dietary treatments . Feed and water were provided 
ad libitum by one drinking cup for two hens in back-to-back cages 
and one feeder for 13  hens in adjacent cages . The ten-month trial 
began October 1 and ended July 31 . The criteria measured included 
number, quality and weight of eggs produced, feed consumed, body 
weight and mortality . One month after the hybrids were distributed, 
1 80 Single Comb White Leghorns (Cornell Control Strain) just coming 
into lay were also assigned to cages in groups of 15 to provide two 
replicates of six diets . They were fed the same as the hybrids 
except that one replicate group assigned to the basal diet was given 
a mile-based 16 percent protein layer diet . 
A composite samp le of two days egg production was used for 
egg quality and egg weight .  Egg weights were obtained each week, 
and Haugh Unit values and .shell thickness were obtained at 14-day 
intervals. Egg production and feed consumption were calculated at 
the end of each month . Body weights were obtained at intervals 
during the ten-month trial . Mortality was recorded as it occurred 
but the cause of death was not determined . 
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APPENDI X B 
Procedure - Experiment 3 
As single protein supplements used in the previous study failed 
to induce a response at levels of either three or six percent protein 
equivalents, further studies were made to determine whether or not 
the diet could be improved by the amino acids supplied by several 
other common feedstuffs. Corn, milo, wheat, barley, oats, and 
soybean meal were added to the basal diet to supply three percentage 
equivalents of protein. Methionine plus cystine, tryptophan, lysine, 
and isoleucine were maintained at constant levels of 125 percent of 
the 1958 Johnson and Fisher standard as described for trial 2 .  All 
substitutions were made by removing an equal amount of glucose 
monohydrate from the basal diet. Phosphorous, calcium, a�d metabo­
lizable energy were also maintained at constant calculated levels . 
Random diets were obtained by computer in which the level of 
corn was maximized for one diet and the level of milo was maximized 
for the other. To obtain the diets corn was priced at 50 cents a 
hundred pounds for the first diet and milo was priced at 50 cents 
for the second. The restricti.ons imposed on the least-cost program 
were the same as for diets discussed previously except that metabo­
lizable energy was reduced from 3. 34 to 2 .  87 kcal . / gm. 
The hens used in the study were DeKalb 131 connnercial hybrids. 
They were grown on range until approximately 22 weeks of age and 
then distributed to the various individual eight inch cages in groups 
113  
of  fourteen to  provide four repli cate groups for each of  nine test 
diets. The treatments were given after the hens had been in the 
cages for about one week to permit adaptation to their new environ­
ment without the added stress of dietary changes. 
Data collected during the trial included egg production, egg 
weight·, Haugh units, shell thickness, feed consumption, mortality 
and body we-igh t .  Egg production and feed consumption were calcu­
lated at the end of each month on a hen-day basis. Haugh unit values 
and egg weights were obtained at intervals of two weeks. Egg weights 
were obtained by weighing the entire production of two-days. Haugh 
units and shell thickness were determined with a sample of ten eggs 
from the two-day production. Body weights were obtained at irregular 
intervals. Mortality data were calculated at the end of the trial. 
All birds th?t died during the trial were sent to the Veterinary 
Science Diagnostic Laboratory for necropsy. Results of necropsy 
tests are not reported. 
Blood samples were obtained by cardiac puncture from hens that 
had laid five consecutive eggs after one day of rest . The blood 
was allowed to clot and the serwn was diluted to 1 mg. - protein per 
milliliter by adding distilled water. · Protein concentrations were 
verified by repeating the biuret test . Serum containing 1 mg. protein 
per milliliter was stored at 2° C overnight and electrophoretic pat­
terns were developed within 16 hours after collection . A sample of 
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0. 2 ml portion of the diluted serwn was placed at the top of  the 
tubular polyacrlamide gel and developed according to the procedures 
of Ornstein (1964) and Davis (1964). The gels were later photographed 
over a subdued light for reference. 
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APPENDIX C 
Procedure - Experiment 4 and 5 
The commercial hybrid hens (DeKalb 131) were purchased from 
a hatchery as day-old pullets and reared in floor pens until 20 weeks 
of age. They were then distributed to twenty sets of eight, twelve­
inch cages and ten sets of twelve eight-inch cages to provide one 
pullet per four linaar inches of cage width. Two pullets were placed 
into one eight-inch cage and three were placed into the twelve-inch 
cages . 
The pullets were fed the low protein basal diet for the first 
six weeks. The ten test diets were each fed to two replicate groups 
of the twenty-six-week old hens in the twelve-inch cages. The birds 
in the eight-inch cages were fed the low protein diet for the subse­
quent six months and then fed a factorial set of treatments. A 
different diet was fed to each group of six, eight-inch cages. 
The diets which ere fed to the birds in twelve-inch cages in 
this trial were all similar to the basal diet shown in Table 1 .  The 
(1) basal 9. 4 percent protein diet was supplemented with an· additional 
(2) 0.05 percent methionine , ( -3) 0.05 less lysine, (4) nf-180, (5) 3 
Nitro-4-hydroxyphenly-arsenic acid, (6) 3%  equivalents of protein from 
a 60:40 mixture of corn and soybean meal protein, (7) 6 %  equivalents 
of the same mixture, (8) 3%  equivalents from hydrolyzed feather meal, 
(9) fish meal and (10) meat and bone scraps . Lysine , methionine, and 
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tryptophan were calculated to be equal in each of the ten different 
test diets. All substitutions were made by replacing an equivalent 
amount of glucose monohydrate with the test material . 
For the factorial study , sixteen different diets were given to 
the hens after they had been in production for seven months with the 
9. 4 percent protein basal diet as the only feed. The factors used 
in this study were : methionine, lysine , valine and inositol. The 
various treatments were applied to a pre-mixed basal containing added 
methionine, lysine and tryptophan. 
Egg production and feed constnnption were calculated for each 
replicate group on a hen-day basis at the end of each month. Egg 
weights were obtained . by group weighing two day ' s  production of  eggs 
at fourteen-day intervals. Egg quality and shell thickness dat a  
were obtained on ten eggs from each replicate group at 28-day inter­
vals. Body weights were t aken at five irregular intervals. All 
birds that _died during the experiment were sent to the animal disease 
diagnostic center for necropsy. Mortality was calculated only at 
the end of the 10-month trial. St atistical analysis was as given 
by Steel and Torrie (1960. 
For the factorial study egg production was calculated for each 
of the twelve pairs of hens on a hen-day basis. The calculation o f  
effect means was made by the automatic method of Yates (1935) and 
tests for significance were based on the "error" mean square ob­
tained by an analysis of variance of the hen-day production dat a. 
Egg weights, body weights and feed consumption were obtained in the 
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same manner as for the birds in the twelve-inch cages. In addition 
to the routi ne data, plasma and liver samples were obtained from a 
random selection of six hens after they had been fed the basal diet 
seven months and the factorial diets for three months. Liver samples 
were obtained by slicing the tip off the large right lobe and then 
removing a portion approximately one centimeter in width from the 
center for analysis for lipid. A sample of approximately four grams 
of wet tissue was used for extraction purposes. The sample was dried 
for sixteen hours at 100° C. and extracted with a continue s flow 
of recycled diethyl ether for sixteen hours . 
Plasma lipids were determined by  mixing two milliliters of 
fresh plasma with eight milliliters of a 3 : 1 ratio of diethyl ether 
and 95 percent ethanol. The sample was allowed to remain on ice 
for appro�imately four hours and then re-mixed and 5 ml of the super­
natant liquid placed in a pre-weighed aluminum dish to dry over 
steam . After the sample appeared to be free of ether, the residue 
was dried at 100° C for one hour. The samples were then placed into 
a dessicato1: and allowed to cool before weighing . 
Liver lipid was calculated on a dry and on a wet basis· as 
percent by weight . Plasma · lipid was calculated as milligrams of 
lipid per milli. liter of plasma. 
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APPENDI X D 
Procedure - Experiment T-3 
A total of 425 day-old, straight-run turkey poults were main­
tained on a 20 percent protein diet with added lysine, methionine 
and tryptoph an until five days of age . At five days of age the birds 
· were weighed and pl aced in common weight groups with graduations 
in weight of 2. 5 grams. Approximately 4 percent of the poults 
weighed less than 5 5  grams and 1 percent weighed more than 85  grams 
and were discarded. The remaining birds were allocated to each diet 
in such a manner that each group of a series contained an equal 
number of birds from each weight range. The extra birds were 
placed in a reserve group and fed the 20 percent diet shown in 
Table 4. Poults that died within the first four days of the trial 
were replaced with a bird of equivalent weight from the reserve 
group. 
The trial was divided into two separate series. The first 
contained one group of five birds for each of 32 diets and consisted 
of a 25 factorial arrangement of methionine, lysine, cys tine·, 
tryptophan and isoleucine • . The. low level diet was the 2 0  percent 
protein basal diet. The second series contained one group of seven 
birds for each of 32 diets . This series was a 25 arrangement of 
isoleucine, valine, arginine and threonine. The low level diet for 
this series was supplemented with lysine, methionine and tryptophan 
as given in Table 1. The amino acids which made up either series 
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were selected arbitrarily except that the methionine, lysine and 
cystine interactions were of interest in the first series and that 
isoleucine, leucine, valine, and arginine interactions were of 
interest in the second series. Previous tests had indicated that 
glycine was not as important in the diet as threonine. Thus, 
threonine was used as the fifth amino acid in the second series. 
The composition of the basal diet is given in Table 4. The 
amino acid standard (2) is given in Table 5. The basal diet was 
first mixed without glucose monohydrate. This ingredient was 
added with each amino acid and combination of amino acids to 
supply 3.20 percent of the final diet. At three days of age 
poults were given 0.5 ml. of a 1:10 water dilution of an nf-180 
suspension. This was done in an effort to control unusually high 
mortality. Subsequent microbiological tests were reported negative 
for salmonella and paracolon. 
The birds were weighed at seven day intervals beginning at 
seven days of age. The weight data were expressed as average 
weight in grams per bird. The factorial effect means were calcu­
lated in terms of grams per bird for each main effect and inter­
action. The main or single factor effects express the average 
change due to that single factor. The multi-factor effects express 
the difference between the main effect and the effect of the combi­
nations and provide information about the additivity of the response. 
The analysis of variance was made by first calculating the 
total variation, then subtracting the variation due to treatments 
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and initial weight blocks (B) from the total. The remainder, thr• 
T x B interaction was used as the error term for blocks B and for 
treatments (Snedecor and Cox 1967) . Individual degrees of freedom 
were broken out with their respective mean square by the automatic 
method of Yates. Confounding was done with the 5 factor interaction 
but it was ignored in the analysis of variance because the effect if 
present appeared to be small. Confounding was done on two levels of 
the four batteries. If an effe ct  of level was present it  was con­
founded with the 5 factor interaction . Feed records were kept but 
were not calculated. 
Information on feather formation was obtained at five weeks 
of age. Each bird was classified according to relative feather 
development. The best developm�nt of feathering was classified 
as 10 and wors_t was classified as 1. The analysis of variance and 
calculation of effect means were the same as for body weight except 
that a completely random design was used instead of the randomized 
complete block . 
2 weeks 
3 weeks 
4 weeks 
5 weeks 
ANALYSIS OF VARIANCE 
FACTORIAL DESIGN FOR TURKEY POULTS 
Source df ss  MS 
of age: Series 1 
Total 159 137.484 
Treatment 31 55. 304 1.784 
Error 128 82.180 0. 642 
Series 2 
Total 223 213,745.9 
Treatment 31 35, 5 45.9 1,146.6 
· Block 6 112 , 191.3 18, 698.5 
Error 186 66, 008.7 35 4. 8 
of age: Series 1 
Total 159 619 , 199.4 
Treatment 31 311,889 . 4  10,060.9 
Block 4 131,955.6 32, 988.9 
Error 124 175, 354.4 1, 414.1 
Series 2 
Total 223 596, 5 25.8 
Treatment 31 103,768.6 3, 347.4 
Block 6 286,649.7 47,774.9 
Error · 186 179,107.4 962.9 
of age: Series 1 
Total 159 1,900,873.6 
Treatment 31 1,055 , 35 3 .  6 34,043. 7 
Block 4 414,0166 10, 350.1 
Error 124 431, 503 . 4  3,479.9 
Series 2 
Total 223 1,610, 230 . 2  
Treatment 31 265, 565.9 8, 566.6 
Block 6 681-,062 . 3 113, 50 3.9 
Error 186 663,602 . 0  3, 567 . 8  
of age: Series 1 
Total 159 3, 383,844 . 4  
Treatment 31 1,776, 19l♦ • 0 57, 296 . 6  
Block 4 734,017 . 8  18 3 , 504 . 4  
Error 124 873, 632 . 6  7,045 . 4  
Series 2 
Total 223 2, 805, 39 3 . 6  
Treatment 31 358,622.2 11, 568 . 4  
Block 6 971,874 . 1  161, 979 . 0  
Error 186 1, 474,897 . 3 7 , 9 29.6 
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"F ' '  
2. 77**  
3.23** 
5 2. 69,** 
7.11** 
23.33** 
3.476** 
49.614** 
9. 78** 
29. 74**  
2.40** 
31.81** 
8. 13** 
26.05** 
1.46* 
20.43** 
